SEQUENCE LISTING

<110> Juno Therapeutics, Inc.
Editas Medicine, Inc.

<120> CELLS EXPRESSING A RECOMBINANT RECEPTOR
FROM A MODIFIED TGFBR2 LOCUS, RELATED POLYNUCLEOTIDES AND
METHODS

<130> 735042012840

<140> Not yet assigned
<141> Concurrently herewith

<150> 62/841,575
<151> 2019-05-01

<160> 189
<170> FastSEQ for Windows Version 4.0

<210> 1

<211> 12

<212> PRT

<213> Homo sapiens

<220>
<223> spacer (IgG4hinge)

<400> 1
Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro
1 5 10

<210> 2

<211> 36

<212> DNA

<213> Homo sapiens

<220>
<223> spacer (IgG4hinge)

<400> 2
gaatctaagt acggaccgcc ctgccccecct tgccct

<210> 3

<211> 119

<212> PRT

<213> Homo sapiens

<220>
<223> Hinge-CH3 spacer

36



<400> 3

Glu
1
Glu
Asn
Ile
Thr
65
Arg
Cys

Leu

Ser
Pro
Gln
Ala
50

Thr
Leu

Ser

Ser

<210> 4
<211> 229
<212> PRT
<213> Homo sapiens

<220>
<223> Hinge-CH2-CH3

<400> 4

Glu
1
Leu
Leu
Ser
Glu
65
Thr
Asn
Ser
Gln
Val
145
Val

Pro

Ser
Gly
Met
Gln
50

Val
Tyr
Gly
Ile
Val
130
Ser

Glu

Pro

Lys
Gln
Val
35

Val
Pro
Thr
Val

Leu
115

Lys
Gly
Ile
35

Glu
His
Arg
Lys
Glu
115
Tyr
Leu

Trp

Val

Tyr
Val
20

Ser
Glu
Pro
Val
Met

100
Ser

Tyr
Pro
20

Ser
Asp
Asn
Val
Glu
100
Lys
Thr
Thr
Glu

Leu
180

Gly
Tyr
Leu
Trp
Val
Asp
85

His

Leu

Gly
5
Ser
Arg
Pro
Ala
Val
85
Tyr
Thr
Leu
Cys
Ser

165
Asp

Pro
Thr
Thr
Glu
Leu
70

Lys
Glu

Gly

Pro
Leu
Cys
Ser
55

Asp
Ser

Ala

Lys

spacer

Pro
Val
Thr
Glu
Lys
70

Ser
Lys
Ile
Pro
Leu
150

Asn

Ser

Pro
Phe
Pro
Val
55

Thr
Val
Cys
Ser
Pro
135
Val
Gly

Asp

Cys
Pro
Leu
40

Asn
Ser

Arg

Leu

Cys
Leu
Glu
40

Gln
Lys
Leu
Lys
Lys
120
Ser
Lys
Gln

Gly

Pro
Pro
25

Val
Gly
Asp
Trp

His
105

Pro
Phe
25

Val
Phe
Pro
Thr
Val
105
Ala
Gln
Gly

Pro

Ser
185

Pro
10

Ser
Lys
Gln
Gly
Gln

90
Asn

Pro
10

Pro
Thr
Asn
Arg
Val
90

Ser
Lys
Glu
Phe
Glu

170
Phe

Cys
Gln
Gly
Pro
Ser
75

Glu

His

Cys
Pro
Cys
Trp
Glu
75

Leu
Asn
Gly
Glu
Tyr
155

Asn

Phe

Pro
Glu
Phe
Glu

60
Phe

Tyr

Pro
Lys
Val
Tyr
60

Glu
His
Lys
Gln
Met
140
Pro

Asn

Leu

Gly
Glu
Tyr
45

Asn
Phe

Asn

Thr

Ala
Pro
Val
45

Val
Gln
Gln
Gly
Pro
125
Thr
Ser

Tyr

Tyr

Gln
Met
30

Pro
Asn
Leu

Val

Gln
110

Pro
Lys
30

Val
Asp
Phe
Asp
Leu
110
Arg
Lys
Asp
Lys

Ser
190

Pro
15

Thr
Ser
Tyr
Tyr
Phe

95
Lys

Glu
15

Asp
Asp
Gly
Asn
Trp
95

Pro
Glu
Asn
Ile
Thr

175
Arg

Arg
Lys
Asp
Lys
Ser
80

Ser

Ser

Phe
Thr
Val
Val
Ser
80

Leu
Ser
Pro
Gln
Ala
160
Thr

Leu



Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser

195

200

205

Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser

210

Leu Ser Leu Gly Lys

225

<210> 5
<211> 282
<212> PRT
<213> Artificial Sequence

<220>
<223> IgD-hinge-Fc

<400> 5

Arg
1

Gln
Thr
Glu
Ser
65

Asp
Ser
Pro
Ser
Ala
145
Gln
Leu
Trp
Met
Ala
225
Val
Cys

Ser

Trp
Pro
Thr
Lys
50

His
Leu
Asp
Thr
Gln
130
Gly
Arg
Ser
Leu
Trp
210
Arg
Leu

Val

Leu

Pro
Gln
Arg
35

Glu
Thr
Trp
Leu
Gly
115
Ser
Thr
Leu
Leu
Leu
195
Leu
Pro
Arg

Val

Glu
275

Glu
Ala
20

Asn
Glu
Gln
Leu
Lys
100
Gly
Gln
Ser
Met
Asn
180
Cys
Glu
Pro
Val
Ser

260
Val

Ser
Glu
Thr
Gln
Pro
Arg
85

Asp
Val
His
Val
Ala
165
Leu
Glu
Asp
Pro
Pro
245
His

Ser

Pro
Gly
Gly
Glu
Leu
70

Asp
Ala
Glu
Ser
Thr
150
Leu
Leu
Val
Gln
Gln
230
Ala

Glu

Tyr

215

Lys
Ser
Arg
Glu
55

Gly
Lys
His
Glu
Arg
135
Cys
Arg
Ala
Ser
Arg
215
Pro
Pro

Asp

Val

Ala
Leu
Gly
40

Arg
Val
Ala
Leu
Gly
120
Leu
Thr
Glu
Ser
Gly
200
Glu
Gly
Pro

Ser

Thr
280

Gln
Ala
25

Gly
Glu
Tyr
Thr
Thr
105
Leu
Thr
Leu
Pro
Ser
185
Phe
Val
Ser
Ser
Arg

265
Asp

Ala
10

Lys
Glu
Thr
Leu
Phe
90

Trp
Leu
Leu
Asn
Ala
170
Asp
Ser
Asn
Thr
Pro
250
Thr

His

Ser
Ala
Glu
Lys
Leu
75

Thr
Glu
Glu
Pro
His
155
Ala
Pro
Pro
Thr
Thr
235
Gln

Leu

220

Ser
Thr
Lys
Thr
60

Thr
Cys
Val
Arg
Arg
140
Pro
Gln
Pro
Pro
Ser
220
Phe

Pro

Leu

Val
Thr
Lys
45

Pro
Pro
Phe
Ala
His
125
Ser
Ser
Ala
Glu
Asn
205
Gly
Trp
Ala

Asn

Pro
Ala
30

Lys
Glu
Ala
Val
Gly
110
Ser
Leu
Leu
Pro
Ala
190
Ile
Phe
Ala
Thr

Ala
270

Thr
15

Pro
Glu
Cys
Val
Val
95

Lys
Asn
Trp
Pro
Val
175
Ala
Leu
Ala
Trp
Tyr

255
Ser

Ala
Ala
Lys
Pro
Gln
80

Gly
Val
Gly
Asn
Pro
160
Lys
Ser
Leu
Pro
Ser
240
Thr

Arg



<210> 6

<211> 24

<212> PRT
<213> Artificial Sequence

<220>
<223> T2A

<400> 6
Leu Glu Gly Gly Gly Glu Gly Arg Gly Ser Leu Leu Thr Cys Gly Asp

1

5

Val Glu Glu Asn Pro Gly Pro Arg

<210> 7
<211> 357
<212> PRT
<213> Artificial Sequence

<220>
<223> tEGFR

<400> 7

Met
1
Ala
Glu
Lys
Phe
65
Leu
Gln
Glu
Val
Ile
145
Ala
Thr
Gln

Pro

Leu
Phe
Phe
Asn
50

Arg
Asp
Ala
Ile
Val
130
Ser
Asn
Lys
Val

Arg

Leu
Leu
Lys
35

Cys
Gly
Ile
Trp
Ile
115
Ser
Asp
Thr
Ile
Cys

195
Asp

20

Leu
Leu
20

Asp
Thr
Asp
Leu
Pro
100
Arg
Leu
Gly
Ile
Ile
180
His

Cys

Val
Ile
Ser
Ser
Ser
Lys
85

Glu
Gly
Asn
Asp
Asn
165
Ser

Ala

Val

Thr
Pro
Leu
Ile
Phe
70

Thr
Asn
Arg
Ile
Val
150
Trp
Asn

Leu

Ser

Ser
Arg
Ser
Ser
55

Thr
Val
Arg
Thr
Thr
135
Ile
Lys
Arg
Cys

Cys

Leu
Lys
Ile
40

Gly

His

Thr
Lys
120
Ser
Ile
Lys
Gly
Ser

200
Arg

Leu
Val
25

Asn
Asp
Thr
Glu
Asp
105
Gln
Leu
Ser
Leu
Glu
185

Pro

Asn

10

Leu
10

Cys
Ala
Leu
Pro
Ile
90

Leu
His
Gly
Gly
Phe
170
Asn

Glu

Val

Cys
Asn
Thr
His
Pro
75

Thr
His
Gly
Leu
Asn
155
Gly
Ser

Gly

Ser

Glu
Gly
Asn
Ile

60
Leu

Ala
Gln
Arg
140
Lys
Thr
Cys

Cys

Arg

Leu
Ile
Ile
45

Leu
Asp
Phe
Phe
Phe
125
Ser
Asn
Ser
Lys
Trp

205
Gly

Pro
Gly
30

Lys
Pro
Pro
Leu
Glu
110
Ser
Leu
Leu
Gly
Ala
190
Gly

Arg

15

His
15

Ile
His
Val
Gln
Leu
95

Asn
Leu
Lys
Cys
Gln
175
Thr

Pro

Glu

Pro
Gly
Phe
Ala
Glu
80

Ile
Leu
Ala
Glu
Tyr
160
Lys
Gly
Glu

Cys



Val
225
Asn
Asn
His
Met
Val
305
Gly
Thr

Ile

210
Asp

Ser
Ile
Tyr
Gly
290
Cys
Leu

Gly

Gly

<210> 8

<211>
<212>
<213>

<220>

<223>

<300>

<308>
<309>

<400> 8
Phe Trp Val Leu Val Val Val Gly Gly Val Leu Ala Cys Tyr Ser Leu

1

27
PRT
Homo sapiens

Lys
Glu
Thr
Ile
275
Glu
His
Glu

Met

Leu
355

CD28

Cys
Cys
Cys
260
Asp
Asn
Leu
Gly
Val

340
Phe

Asn
Ile
245
Thr
Gly
Asn
Cys
Cys
325
Gly

Met

Uniprot P10747
1989-07-01

5

Leu
230
Gln
Gly
Pro
Thr
His
310

Pro

Ala

215
Leu

Cys
Arg
His
Leu
295
Pro

Thr

Leu

Glu
His
Gly
Cys
280
Val
Asn

Asn

Leu

Gly
Pro
Pro
265
Val
Trp
Cys
Gly

Leu
345

Glu
Glu
250
Asp
Lys
Lys
Thr
Pro

330
Leu

10

Pro
235
Cys
Asn
Thr
Tyr
Tyr
315
Lys

Leu

Leu Val Thr Val Ala Phe Ile Ile Phe Trp Val

<210> 9

<211>
<212>
<213>

<220>

<223>

<300>

<308>
<309>

<400> 9

66
PRT
Homo sapiens

CD28

20

Uniprot P10747
1989-07-01

25

220
Arg

Leu
Cys
Cys
Ala
300
Gly

Ile

Val

Glu
Pro
Ile
Pro
285
Asp
Cys

Pro

Val

Phe
Gln
Gln
270
Ala
Ala
Thr

Ser

Ala
350

Val
Ala

255
Cys

Gly
Gly
Ile

335
Leu

15

Glu
240
Met
Ala
Val
His
Pro
320
Ala

Gly



Ile Glu Val Met Tyr Pro
1 5
Gly Thr Ile Ile His Val
20
Phe Pro Gly Pro Ser Lys
35

Val Leu Ala Cys Tyr Ser
50

Trp Val

65

<210> 10

<211> 41

<212> PRT

<213> Homo sapiens

<220>
<223> CD28

<300>
<308> Uniprot P10757
<309> 1989-07-01

<400> 10
Arg Ser Lys Arg Ser Arg
1 5

Pro Pro Tyr Leu Asp Asn Glu Lys Ser Asn
10 15
Lys Gly Lys His Leu Cys Pro Ser Pro Leu
25 30
Pro Phe Trp Val Leu Val Val Val Gly Gly
40 45
Leu Leu Val Thr Val Ala Phe Ile Ile Phe
55 60

Leu Leu His Ser Asp Tyr Met Asn Met Thr
10 15

Pro Arg Arg Pro Gly Pro Thr Arg Lys His Tyr Gln Pro Tyr Ala Pro

20

25 30

Pro Arg Asp Phe Ala Ala Tyr Arg Ser

35

<210> 11

<211> 41

<212> PRT

<213> Homo sapiens

<220>
<223> (D28 (LL to GG)

<400> 11

40

Arg Ser Lys Arg Ser Arg Gly Gly His Ser Asp Tyr Met Asn Met Thr

1 5

10 15

Pro Arg Arg Pro Gly Pro Thr Arg Lys His Tyr Gln Pro Tyr Ala Pro

20

25 30

Pro Arg Asp Phe Ala Ala Tyr Arg Ser

35

<210> 12
<211> 42
<212> PRT

40



<213> Homo sapiens

<220>
<223> 4-

<300>

1BB

<308> Uniprot Q07011.1

<309> 1995-02-01

<400> 12

Lys Arg Gly Arg Lys Lys Leu

1

5

Arg Pro Val Gln Thr Thr Gln

20

Pro Glu Glu Glu Glu Gly Gly

<210> 13
<211> 11
<212> PR

35

2
T

<213> Homo sapiens

<220>

<223> CD3 zeta

<400> 13

Arg Val
1

Gln Asn

Asp Val

Pro Arg
50

Asp Lys

65

Arg Arg

Thr Lys

<210> 14
<211> 11
<212> PR

Lys
Gln
Leu
35

Arg
Met

Gly

Asp

2
T

Phe
Leu
20

Asp
Lys
Ala

Lys

Thr
100

Ser
Tyr
Lys
Asn
Glu
Gly

85
Tyr

<213> Homo sapiens

<220>

<223> CD3 zeta

<400> 14

Arg
Asn
Arg
Pro
Ala
70

His

Asp

Ser
Glu
Arg
Gln
55

Tyr
Asp

Ala

Leu
Glu

Cys
40

Ala
Leu
Gly
40

Glu
Ser

Gly

Leu

Tyr
Glu

25
Glu

Asp
Asn
25

Arg
Gly
Glu

Leu

His
105

Ile Phe Lys Gln Pro Phe Met

10

15

Asp Gly Cys Ser Cys Arg Phe

Leu

Ala
10

Leu
Asp
Leu
Ile
Tyr

90
Met

Pro
Gly
Pro
Tyr
Gly
75

Gln

Gln

Ala
Arg
Glu
Asn

60
Met

Ala

Tyr
Arg
Met
45

Glu
Lys

Leu

Leu

30

Gln
Glu
30

Gly
Leu
Gly

Ser

Pro
110

Gln
15

Glu
Gly
Gln
Glu
Thr

95
Pro

Gly
Tyr
Lys
Lys
Arg
80

Ala

Arg

Arg Val Lys Phe Ser Arg Ser Ala Glu Pro Pro Ala Tyr Gln Gln Gly

7



Gln Asn Gln Leu Tyr Asn Glu
20

Asp Val Leu Asp Lys Arg Arg

35
Pro Arg Arg Lys Asn Pro Gln
50 55

Asp Lys Met Ala Glu Ala Tyr

65 70

Arg Arg Gly Lys Gly His Asp

85

Thr Lys Asp Thr Tyr Asp Ala

100

<210> 15

<211> 112

<212> PRT

<213> Homo sapiens

<220>
<223> CD3 zeta

<400> 15
Arg Val Lys Phe Ser Arg Ser
1 5
Gln Asn Gln Leu Tyr Asn Glu
20
Asp Val Leu Asp Lys Arg Arg
35
Pro Arg Arg Lys Asn Pro Gln
50 55
Asp Lys Met Ala Glu Ala Tyr
65 70
Arg Arg Gly Lys Gly His Asp
85
Thr Lys Asp Thr Tyr Asp Ala
100

<210> 16

<211> 335

<212> PRT

<213> Artificial Sequence

<220>
<223> tEGFR

<400> 16

Leu
Gly
40

Glu
Ser

Gly

Leu

Ala
Leu
Gly
40

Glu
Ser

Gly

Leu

Asn
25

Arg
Gly
Glu

Leu

His
105

Asp
Asn

25
Arg

Glu
Leu

His
105

10
Leu

Asp
Leu
Ile
Tyr

90
Met

Ala
10

Leu
Asp
Leu
Ile
Tyr

90
Met

Gly
Pro
Tyr
Gly
75

Gln

Gln

Pro
Gly
Pro
Tyr
Gly
75

Gln

Gln

Arg
Glu
Asn
60

Met
Gly

Ala

Ala
Arg
Glu
Asn
60

Met
Gly

Ala

Arg
Met
45

Glu
Lys

Leu

Leu

Tyr
Arg
Met
45

Glu
Lys

Leu

Leu

Glu
30

Gly
Leu
Gly

Ser

Pro
110

Lys
Glu
30

Gly
Leu
Gly

Ser

Pro
110

15
Glu

Gly
Gln
Glu
Thr

95
Pro

Gln
15

Glu
Gly
Gln
Glu
Thr

95
Pro

Tyr
Lys
Lys
Arg
80

Ala

Arg

Gly
Tyr
Lys
Lys
Arg
80

Ala

Arg

Arg Lys Val Cys Asn Gly Ile Gly Ile Gly Glu Phe Lys Asp Ser Leu

1 5

10

15

Ser Ile Asn Ala Thr Asn Ile Lys His Phe Lys Asn Cys Thr Ser Ile

20

25

30



Ser
Thr
Val
65

Arg
Thr
Thr
Ile
Lys
145
Arg
Cys
Cys
Leu
Cys
225
Arg
His
Leu
Pro
Thr

305
Leu

<210> 17
<211> 18

Gly
His
50

Lys
Thr
Lys
Ser
Ile
130
Lys
Gly
Ser
Arg
Glu
210
His
Gly
Cys
Val
Asn
290

Asn

Leu

Asp
35

Thr
Glu
Asp
Gln
Leu
115
Ser
Leu
Glu
Pro
Asn
195
Gly
Pro
Pro
Val
Trp
275
Cys
Gly

Leu

<212> PRT
<213> Artificial Sequence

<220>
<223> T2A

<400> 17

Leu
Pro
Ile
Leu
His
100
Gly
Gly
Phe
Asn
Glu
180
Val
Glu
Glu
Asp
Lys
260
Lys
Thr

Pro

Leu

His
Pro
Thr
His
85

Gly
Leu
Asn
Gly
Ser
165
Gly
Ser
Pro
Cys
Asn
245
Thr
Tyr
Tyr
Lys

Leu
325

Ile
Leu
Gly
70

Ala
Gln
Arg
Lys
Thr
150
Cys
Cys
Arg
Arg
Leu
230
Cys
Cys
Ala
Gly
Ile

310
Val

Leu
Asp
55

Phe
Phe
Phe
Ser
Asn
135
Ser
Lys
Trp
Gly
Glu
215
Pro
Ile
Pro
Asp
Cys
295

Pro

Val

Pro
40

Pro
Leu
Glu
Ser
Leu
120
Leu
Gly
Ala
Gly
Arg
200
Phe
Gln
Gln
Ala
Ala
280
Thr

Ser

Ala

Val
Gln
Leu
Asn
Leu

105
Lys

Gln
Thr
Pro
185
Glu
Val
Ala
Cys
Gly
265
Gly
Gly
Ile

Leu

Ala
Glu
Ile
Leu
90

Ala

Glu

Lys
Gly
170
Glu
Cys
Glu
Met
Ala
250
Val
His
Pro

Ala

Gly
330

Phe
Leu
Gln
75

Glu
Val
Ile
Ala
Thr
155
Gln
Pro
Val
Asn
Asn
235
His
Met
Val
Gly
Thr

315
Ile

Arg
Asp
60

Ala
Ile
Val
Ser
Asn
140
Lys
Val
Arg
Asp
Ser
220
Ile
Tyr

Gly

Leu
300
Gly

Gly
45

Ile
Trp
Ile
Ser
Asp
125
Thr
Ile
Cys
Asp
Lys
205
Glu
Thr
Ile
Glu
His
285
Glu
Met

Leu

Asp
Leu
Pro
Arg
Leu
110
Gly
Ile
Ile
His
Cys
190
Cys
Cys
Cys
Asp
Asn
270
Leu
Gly
Val

Phe

Ser
Lys
Glu
Gly
95

Asn
Asp
Asn
Ser
Ala
175
Val
Asn
Ile
Thr
Gly
255
Asn
Cys
Cys
Gly

Met
335

Phe
Thr
Asn
80

Arg
Ile
Val
Trp
Asn
160
Leu
Ser
Leu
Gln
Gly
240
Pro
Thr
His
Pro

Ala
320

Glu Gly Arg Gly Ser Leu Leu Thr Cys Gly Asp Val Glu Glu Asn Pro

1
Gly

Pro

5

10

15



<210> 18

<211> 22

<212> PRT

<213> Artificial Sequence

<220>
<223> P2A

<400> 18
Gly Ser Gly Ala Thr Asn Phe Ser Leu Leu Lys Gln Ala Gly Asp Val
1 5 10 15
Glu Glu Asn Pro Gly Pro
20

<210> 19

<211> 19

<212> PRT

<213> Artificial Sequence

<220>
<223> P2A

<400> 19

Ala Thr Asn Phe Ser Leu Leu Lys Gln Ala Gly Asp Val Glu Glu Asn
1 5 10 15

Pro Gly Pro

<210> 20
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> E2A

<400> 20
Gln Cys Thr Asn Tyr Ala Leu Leu Lys Leu Ala Gly Asp Val Glu Ser
1 5 10 15
Asn Pro Gly Pro
20

<210> 21

<211> 22

<212> PRT

<213> Artificial Sequence

<220>
10



<223> F2A

<400> 21
Val Lys Gln Thr Leu Asn Phe Asp Leu Leu Lys Leu Ala Gly Asp Val
1 5 10 15
Glu Ser Asn Pro Gly Pro
20

<210> 22

<211> 10

<212> PRT

<213> Artificial Sequence

<220>
<223> Linker

<220>

<221> REPEAT

<222> (5)...(9)

<223> SGGGG is repeated 5 times

<400> 22
Pro Gly Gly Gly Ser Gly Gly Gly Gly Pro
1 5 10

<210> 23

<211> 17

<212> PRT

<213> Artificial Sequence

<220>
<223> Linker

<400> 23

Gly Ser Ala Asp Asp Ala Lys Lys Asp Ala Ala Lys Lys Asp Gly Lys
1 5 10 15

Ser

<210> 24

<211> 66

<212> DNA

<213> Artificial Sequence

<220>
<223> GMCSFR alpha chain signal sequence

<400> 24
atgcttctcc tggtgacaag ccttctgectc tgtgagttac cacacccagc attcctcctg 60
atccca 66

11



<210> 25

<211> 22

<212> PRT

<213> Artificial Sequence

<220>
<223> GMCSFR alpha chain signal sequence

<400> 25
Met Leu Leu Leu Val Thr Ser Leu Leu Leu Cys Glu Leu Pro His Pro
1 5 10 15
Ala Phe Leu Leu Ile Pro
20

<210> 26

<211> 18

<212> PRT

<213> Artificial Sequence

<220>
<223> CD8 alpha signal peptide

<400> 26

Met Ala Leu Pro Val Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu
1 5 10 15

His Ala

<210> 27

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> Hinge

<400> 27
Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro
1 5 10 15

<210> 28

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Hinge

<400> 28
12



Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro
1 5 10

<210> 29

<211> 61

<212> PRT

<213> Artificial Sequence

<220>
<223> Hinge

<400> 29
Glu Leu Lys Thr Pro Leu Gly Asp Thr His Thr Cys Pro Arg Cys Pro
1 5 10 15
Glu Pro Lys Ser Cys Asp Thr Pro Pro Pro Cys Pro Arg Cys Pro Glu
20 25 30
Pro Lys Ser Cys Asp Thr Pro Pro Pro Cys Pro Arg Cys Pro Glu Pro
35 40 45
Lys Ser Cys Asp Thr Pro Pro Pro Cys Pro Arg Cys Pro
50 55 60
<210> 30
<211> 12
<212> PRT

<213> Artificial Sequence

<220>
<223> Hinge

<400> 30
Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro
1 5 10

<210> 31

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Hinge

<220>

<221> VARIANT

<222> (1)...(1)

<223> Xaa is glycine, cysteine or arginine

<220>

<221> VARIANT

<222> (4)...(4)

<223> Xaa 1is cysteine or threonine

13



<400> 31
Xaa Pro Pro Xaa Pro
1 5

<210> 32

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Hinge

<400> 32
Tyr Gly Pro Pro Cys Pro Pro Cys Pro
1 5

<210> 33

<211> 10

<212> PRT

<213> Artificial Sequence

<220>
<223> Hinge

<400> 33
Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro
1 5 10

<210> 34
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> Hinge

<400> 34
Glu val val val Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro
1 5 10

<210> 35

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> CDR L1

14



<400> 35
Arg Ala Ser Gln Asp Ile Ser Lys Tyr Leu Asn
1 5 10

<210> 36

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> CDR L2

<400> 36
Ser Arg Leu His Ser Gly Vval
1 5

<210> 37

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> CDR L3

<400> 37
Gly Asn Thr Leu Pro Tyr Thr Phe Gly
1 5

<210> 38

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> CDR H1

<400> 38
Asp Tyr Gly Val Ser
1 5

<210> 39

<211> 16

<212> PRT

<213> Artificial Sequence

<220>
<223> CDR H2

<400> 39
15



Val Ile Trp Gly Ser Glu Thr Thr Tyr Tyr Asn Ser Ala Leu Lys Ser

1

<210> 40

<211> 7
<212> PRT
<213> Artificial Sequence

<220>

<223> CDR H3

<400> 40

5

Tyr Ala Met Asp Tyr Trp Gly

1

<210> 41

<211> 120
<212> PRT
<213> Artificial Sequence

<220>

<223> VH

<400> 41

Glu
1
Ser
Gly
Gly
Ser
65
Lys
Lys

Gly

<210>
<211>
<212>
<213>

Val
Leu
Val
Val
50

Arg
Met
His

Thr

<220>

<223>

<400>

42
107
PRT
Artificial Sequence

VL

42

Lys
Ser
Ser
35

Ile
Leu
Asn
Tyr

Ser
115

Leu
Val
20

Trp
Trp
Thr
Ser
Tyr

100
Val

5

Gln
Thr
Ile
Gly
Ile
Leu
85

Tyr

Thr

Glu
Cys
Arg
Ser
Ile
70

Gln
Gly

Val

Ser
Thr
Gln
Glu
55

Lys
Thr
Gly

Ser

Gly
Val
Pro
40

Thr
Asp
Asp

Ser

Ser
120

Pro
Ser
25

Pro
Thr
Asn

Asp

Tyr
105

10

Gly
10

Gly
Arg
Tyr
Ser
Thr

90
Ala

Leu
Val
Lys
Tyr
Lys
75

Ala

Met

16

Val
Ser
Gly
Asn
60

Ser

Ile

Asp

Ala
Leu
Leu
45

Ser
Gln
Tyr

Tyr

Pro
Pro
30

Glu
Ala
Val
Tyr

Trp
110

15

Ser
15

Asp
Trp
Leu
Phe
Cys

95
Gly

Gln
Tyr
Leu
Lys
Leu
80

Ala

Gln



Asp Ile Gln Met Thr Gln Thr

Asp Arg Val Thr Ile Ser Cys
20

Leu Asn Trp Tyr Gln Gln Lys

35
Tyr His Thr Ser Arg Leu His
50 55

Ser Gly Ser Gly Thr Asp Tyr

65 70

Glu Asp Ile Ala Thr Tyr Phe

85

Thr Phe Gly Gly Gly Thr Lys

100

<210> 43

<211> 245

<212> PRT

<213> Artificial Sequence

<220>
<223> scFv

<400> 43
Asp Ile Gln Met Thr Gln Thr
1 5
Asp Arg Val Thr Ile Ser Cys
20
Leu Asn Trp Tyr Gln Gln Lys
35
Tyr His Thr Ser Arg Leu His
50 55
Ser Gly Ser Gly Thr Asp Tyr
65 70
Glu Asp Ile Ala Thr Tyr Phe
85
Thr Phe Gly Gly Gly Thr Lys
100
Ser Gly Lys Pro Gly Ser Gly
115
Leu Gln Glu Ser Gly Pro Gly
130 135
Val Thr Cys Thr Val Ser Gly
145 150
Trp Ile Arg Gln Pro Pro Arg
165
Trp Gly Ser Glu Thr Thr Tyr
180
Thr Ile Ile Lys Asp Asn Ser
195
Ser Leu Gln Thr Asp Asp Thr
210 215

Thr
Arg
Pro
40

Ser
Ser

Cys

Leu

Thr
Arg
Pro
40

Ser
Ser
Cys
Leu
Glu
120
Leu
Val
Lys
Tyr
Lys

200
Ala

Ser
Ala

25
Asp

Leu
Gln

Glu
105

Ser
Ala

25
Asp

Leu
Gln
Glu
105
Gly
Val
Ser
Gly
Asn
185

Ser

Ile

Ser
10

Ser
Gly
Val
Thr
Gln

90
Ile

Ser
10

Ser
Gly
Val
Thr
Gln
90

Ile
Ser
Ala
Leu
Leu
170
Ser

Gln

Tyr

Leu
Gln
Thr
Pro
Ile
75

Gly

Thr

Leu
Gln
Thr
Pro
Ile
75

Gly
Thr
Thr
Pro
Pro
155
Glu
Ala

Val

Tyr

17

Ser
Asp
Val
Ser
60

Ser

Asn

Ser
Asp
Val
Ser
60

Ser
Asn
Gly
Lys
Ser
140
Asp
Trp
Leu

Phe

Cys
220

Ala
Ile
Lys
45

Arg

Asn

Thr

Ala
Ile
Lys
45

Arg
Asn
Thr
Ser
Gly
125
Gln
Tyr
Leu
Lys
Leu

205
Ala

Ser
Ser
30

Leu
Phe

Leu

Leu

Ser
Ser
30

Leu
Phe
Leu
Leu
Thr
110
Glu
Ser
Gly
Gly
Ser
190
Lys

Lys

Leu
15

Lys
Leu
Ser

Glu

Pro
95

Leu
15

Lys
Leu
Ser
Glu
Pro
95

Ser
Val
Leu
Val
Val
175
Arg
Met

His

Gly
Tyr
Ile
Gly
Gln

80
Tyr

Gly
Tyr
Ile
Gly
Gln
80

Tyr
Gly
Lys
Ser
Ser
160
Ile
Leu

Asn

Tyr



Tyr Tyr Gly Gly Ser Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Ser

225 230 235
Val Thr Val Ser Ser
245
<210> 44
211> 11
<212> PRT

<213> Artificial Sequence

<220>
<223> CDR L1

<400> 44
Lys Ala Ser Gln Asn Val Gly Thr Asn Val Ala
1 5 10

<210> 45

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> CDR L2

<400> 45
Ser Ala Thr Tyr Arg Asn Ser
1 5

<210> 46

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> CDR L3

<400> 46
Gln Gln Tyr Asn Arg Tyr Pro Tyr Thr
1 5

<210> 47

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> CDR H1

18

240



<400> 47

Ser Tyr Trp Met Asn

1

<210> 48
<211> 17

<212> PRT
<213> Artificial Sequence

<220>

<223> CDR H2

<400> 48

5

Gln Ile Tyr Pro Gly Asp Gly Asp Thr Asn Tyr Asn Gly Lys Phe Lys

1
Gly

<210> 49
<211> 13

<212> PRT
<213> Artificial Sequence

<220>

<223> CDR H3

<400> 49

5

10

Lys Thr Ile Ser Ser Val Val Asp Phe Tyr Phe Asp Tyr

1

<210> 50

<211> 122
<212> PRT
<213> Artificial Sequence

<220>

<223> VH

<400> 50

Glu
1
Ser

Trp
Gly
Lys

65
Met

Val
Val
Met
Gln
50

Gly

Gln

Lys
Asn
35

Ile
Gln

Leu

Leu
Ile

20
Trp

Ala

Ser

5

Gln
Ser
Val
Pro
Thr

Gly

Gln
Cys
Lys
Gly
Leu

70
Leu

Ser
Lys
Gln
Asp
55

Thr

Thr

Gly
Ala
Arg
40

Gly
Ala

Ser

Ala
Ser

25
Pro

Asp

Glu

10

Glu
10

Gly
Gly
Thr
Lys

Asp

Leu
Tyr
Gln
Asn
Ser

75
Ser

19

Val
Ala
Gly
Tyr
60

Ser

Ala

Arg
Phe
Leu
45

Asn

Ser

Val

Pro
Ser
30

Glu
Gly
Thr

Tyr

15

Gly
15
Ser

Trp

Ala

Phe

Ser
Tyr
Ile
Phe
Tyr

80
Cys



85

90

95

Ala Arg Lys Thr Ile Ser Ser Val Val Asp Phe Tyr Phe Asp Tyr Trp

100

105

Gly Gln Gly Thr Thr Val Thr Val Ser Ser

<210> 51
<211> 10
<212> PR

115

8
T

<213> Artificial Sequence

<220>
<223> VL

<400> 51

Asp Ile
1

Asp Arg

Val Ala

Tyr Ser
50

Ser Gly

65

Lys Asp

Thr Ser

<210> 52
<211> 15
<212> PR

Glu
Val
Trp
35

Ala
Ser

Leu

Gly

T

Leu
Ser
20

Tyr
Thr
Gly
Ala

Gly
100

Thr
Val
Gln
Tyr
Thr
Asp

85
Gly

Gln
Thr
Gln
Arg
Asp
70

Tyr

Thr

Ser
Cys
Lys
Asn
55

Phe
Phe

Lys

<213> Artificial Sequence

<220>

<223> Linker

<400> 52

120

Pro
Lys
Pro
40

Ser
Thr
Cys

Leu

Lys
Ala
25

Gly
Gly
Leu

Gln

Glu
105

Phe
10

Ser
Gln
Val
Thr
Gln

90
Ile

Met
Gln
Ser
Pro
Ile
75

Tyr

Lys

Ser
Asn
Pro
Asp
60

Thr

Asn

Arg

Thr
Val
Lys
45

Arg

Asn

Arg

110

Ser
Gly
30

Pro
Phe
Val

Tyr

Val
15

Thr
Leu
Thr
Gln

Pro
95

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser

1

<210> 53
<211> 24
<212> PR

5
T

5

<213> Artificial Sequence

<220>
223> sc

Fv

10

20

15

Gly
Asn
Ile
Gly
Ser

80
Tyr



<400> 53

Glu Vval Lys

1
Ser

Trp
Gly
Lys
65

Met
Ala
Gly
Gly
Pro
145
Lys
Pro
Ser
Thr
Cys

225
Leu

<210> 54
<211> 12

Val
Met
Gln
50

Gly
Gln
Arg
Gln
Gly
130
Lys
Ala
Gly
Gly
Leu
210
Gln

Glu

Lys
Asn
35

Ile
Gln
Leu
Lys
Gly
115
Gly
Phe
Ser
Gln
Val
195
Thr
Gln

Ile

<212> PRT
<213> Artificial Sequence

<220>
<223> HC-CDR3

<400> 54

Leu
Ile
20

Trp
Tyr
Ala
Ser
Thr
100
Thr
Ser
Met
Gln
Ser
180
Pro
Ile
Tyr

Lys

Gln
Ser
Val
Pro
Thr
Gly
85

Ile
Thr
Gly
Ser
Asn
165
Pro
Asp
Thr

Asn

Arg
245

Gln
Cys
Lys
Gly
Leu
70

Leu
Ser
Val
Gly
Thr
150
Val
Lys
Arg

Asn

Arg
230

Ser
Lys
Gln
Asp
55

Thr
Thr
Ser
Thr
Gly
135
Ser
Gly
Pro
Phe
Val

215
Tyr

Gly
Ala
Arg
40

Gly
Ala
Ser
Val
Val
120
Gly
Val
Thr
Leu
Thr
200
Gln

Pro

Ala
Ser
25

Pro
Asp
Asp
Glu
Val
105
Ser
Ser
Gly
Asn
Ile
185
Gly

Ser

Tyr

Glu
10

Gly
Gly
Thr
Lys
Asp
90

Asp
Ser
Asp
Asp
Val
170
Tyr
Ser

Lys

Thr

Leu
Tyr
Gln
Asn
Ser
75

Ser
Phe
Gly
Ile
Arg
155
Ala
Ser
Gly

Asp

Ser
235

Val
Ala
Gly
Tyr
60

Ser
Ala
Tyr
Gly
Glu
140
Val
Trp
Ala
Ser
Leu

220
Gly

His Tyr Tyr Tyr Gly Gly Ser Tyr Ala Met Asp Tyr

1

<210> 55

<211> 7
<212> PRT
<213> Artificial Sequence

5

10

21

Arg
Phe
Leu
45

Asn
Ser
Val
Phe
Gly
125
Leu
Ser
Tyr
Thr
Gly
205
Ala

Gly

Pro
Ser
30

Glu
Gly
Thr
Tyr
Asp
110
Gly
Thr
Val
Gln
Tyr
190
Thr
Asp

Gly

Gly
15

Ser
Trp
Lys
Ala
Phe
95

Tyr
Ser
Gln
Thr
Gln
175
Arg
Asp
Tyr

Thr

Ser
Tyr
Ile
Phe
Tyr
80

Cys
Trp
Gly
Ser
Cys
160
Lys
Asn
Phe

Phe

Lys
240



<220>

<223> LC-CDR2

<400> 55

His Thr Ser Arg Leu His Ser

1

<210> 56
<211> 9
<212> PRT

5

<213> Artificial Sequence

<220>

<223> LC-CDR3

<400> 56

Gln Gln Gly Asn Thr Leu Pro Tyr Thr

1

<210> 57
<211> 735
<212> DNA

5

<213> Artificial Sequence

<220>

<223> Sequence encoding scFv

<400> 57

gacatccaga
atcagctgcc
gacggcaccg
cggtttagcg
gaagatatcg
ggaacaaagc
ggcagcacca
cagagcctga
tggatccggc
accacctact
agccaggtgt
gccaagcact
gtgaccgtga

<210>
<211>
<212>
<213>

58
18
PRT

<220>

<223>

<400> 58

tgacccagac

gggccagcca
tcaagctgct
gcagcggctc
ccacctactt
tggaaatcac
agggcgaggt
gcgtgacctg
agccccccag
acaacagcgc
tcctgaagat
actactacgg

gcagc

Linker

cacctccagc
ggacatcagc
gatctaccac
cggcaccgac
ttgccagcag
cggcagcacc
gaagctgcag
caccgtgagc
gaagggcctg
cctgaagagc
gaacagcctg
cggcagctac

Artificial Sequence

ctgagcgcca
aagtacctga
accagccggc
tacagcctga
ggcaacacac
tccggcagceg
gaaagcggcc
ggcgtgagcc
gaatggctgg
cggctgacca
cagaccgacg
gccatggact

22

gcctgggega
actggtatca
tgcacagcgg
ccatctccaa
tgccctacac
gcaagcctgg
ctggcctggt
tgcccgacta
gcgtgatctg
tcatcaagga
acaccgccat

actggggcca

ccgggtgacc
gcagaagccc
cgtgcccagc
cctggaacag
ctttggcggc
cagcggegasg
ggcccccagc
cggcgtgagc
gggcagegag
caacagcaag
ctactactgc

gggcaccagc

120
180
240
300
360
420
480
540
600
660
720
735



Gly Ser Thr Ser Gly Ser Gly Lys Pro Gly Ser Gly Glu Gly Ser Thr

1
Lys

Gly

<210> 59
<211> 567
<212> PRT

<213>

<220>

<223>

<300>

<308>
<309>

<400> 59
Met Gly Arg Gly Leu

1
Trp

Asn
Gln
Lys
65

Gln
Leu
Leu
Pro
Asp
145
Leu
Gly
Arg
Leu
Ser
225

Leu

Glu

Thr Arg

Asn Asp
35

Leu Cys

50

Ser Cys

Glu val
Glu Thr

Glu Asp
115

Gly Glu

130

Asn Ile

Leu Val

Val Ala

Gln Gln
195

Met Glu

210

Asp Ile

Leu Pro

Val Tyr

Ile
20

Met
Lys
Met
Cys
Val
100
Ala
Thr
Ile
Ile
Ile
180
Lys
Phe
Ser

Ile

Lys
260

5

Uniprot P37173
2006-10-17

5
Ala

Ile
Phe
Ser
Val
85

Cys
Ala
Phe
Phe
Phe
165
Ser
Leu
Ser
Ser
Glu

245
Ala

Leu
Ser
Val
Cys
Asn
70

Ala
His
Ser
Phe
Ser
150
Gln
Val
Ser
Glu
Thr
230

Leu

Lys

Artificial Sequence

Arg
Thr
Thr
Asp
55

Cys
Val
Asp
Pro
Met
135
Glu
Val
Ile
Ser
His
215
Cys
Asp

Leu

Gly
Ile
Asp
40

Val
Ser
Trp
Pro
Lys
120
Cys
Glu
Thr
Ile
Thr
200
Cys
Ala
Thr

Lys

Leu
Pro
25

Asn
Arg
Ile
Arg
Lys
105
Cys
Ser
Tyr
Gly
Ile
185
Trp
Ala
Asn

Leu

Gln
265

10

Trp
10

Pro
Asn
Phe
Thr
Lys
90

Leu
Ile
Cys
Asn
Ile
170
Phe
Glu
Ile
Asn
Val

250
Asn

Pro
His
Gly
Ser
Ser
75

Asn
Pro
Met
Ser
Thr
155
Ser
Tyr
Thr
Ile
Ile
235
Gly

Thr

23

Leu
Val
Ala
Thr
60

Ile
Asp
Tyr
Lys
Ser
140
Ser
Leu
Cys
Gly
Leu
220
Asn

Lys

Ser

His
Gln
Val
45

Cys
Cys
Glu
His
Glu
125
Asp
Asn
Leu
Tyr
Lys
205
Glu
His
Gly

Glu

Human TGF-beta receptor type-2 (TGFR2) isoform 1

Ile
Lys
30

Lys
Asp
Glu
Asn
Asp
110
Lys
Glu
Pro
Pro
Arg
190
Thr
Asp
Asn

Arg

Gln
270

15

Val
15

Ser
Phe
Asn
Lys
Ile
95

Phe
Lys
Cys
Asp
Pro
175
Val
Arg
Asp
Thr
Phe

255
Phe

Leu
Val
Pro
Gln
Pro
80

Thr
Ile
Lys
Asn
Leu
160
Leu
Asn
Lys
Arg
Glu
240
Ala

Glu



Thr
Thr
Leu
305
Tyr
Leu
Ser
Gly
Ile
385
Ser
Gly
Arg
Ser
Gly
465
His
Arg
Val
Leu
Asp

545
Gly

<210>
<211>
<212>
<213>

Val
Glu
290
Gln
Trp
Thr
Leu
Arg
370
Leu
Leu
Gln
Met
Met
450
Glu
Pro
Pro
Cys
Thr
530
Arg

Ser

<220>

<223>

<300>

<308>
<309>

<400>

60
592
PRT
Artificial Sequence

60

Ala
275
Lys
Phe
Leu
Arg
Ala
355
Pro
Val
Arg
Val
Asn
435
Ala
Val
Cys
Glu
Glu
515
Ala

Leu

Leu

Val
Asp
Leu
Ile
His
340
Arg
Lys
Lys
Leu
Gly
420
Leu
Leu
Lys
Val
Ile
500
Thr
Gln

Ser

Asn

Ile
Thr
Thr
325
Val
Gly
Met
Asn
Asp
405
Thr
Glu
Val
Asp
Glu
485
Pro
Leu
Cys
Gly

Thr
565

Uniprot P37173
2006-10-17

Ile
Phe
Ala
310
Ala
Ile
Ile
Pro
Asp
390
Pro
Ala
Asn
Leu
Tyr
470
Ser
Ser
Thr
Val
Arg

550
Thr

Phe
Ser
295
Glu
Phe
Ser
Ala
Ile
375
Leu
Thr
Arg
Val
Trp
455
Glu
Met
Phe
Glu
Ala

535
Ser

Pro
280
Asp
Glu
His
Trp
His
360
Val
Thr

Leu

Glu
440
Glu
Pro
Lys
Trp
Cys
520
Glu

Cys

Ile
Arg
Ala
Glu
345
Leu
His
Cys
Ser
Met
425
Ser
Met
Pro
Asp
Leu
505
Trp
Arg

Ser

Glu
Asn
Lys
Lys
330
Asp
His
Arg
Cys
Val
410
Ala
Phe
Thr
Phe
Asn
490
Asn
Asp
Phe

Glu

Glu
Leu
Thr
315
Gly
Leu
Ser
Asp
Leu
395
Asp
Pro
Lys
Ser
Gly
475
Val
His
His
Ser

Glu
555

24

Tyr
Lys
300
Glu
Asn
Arg
Asp
Leu
380
Cys
Asp
Glu
Gln
Arg
460
Ser
Leu
Gln
Asp
Glu

540
Lys

Ala
285
His
Leu
Leu
Lys
His
365
Lys
Asp
Leu
Val
Thr
445
Cys
Lys
Arg
Gly
Pro
525

Leu

Ile

Ser
Glu
Gly
Gln
Leu
350
Thr
Ser
Phe
Ala
Leu
430
Asp
Asn
Val
Asp
Ile
510
Glu
Glu

Pro

Human TGF-beta receptor type-2 (TGFR2) isoform 2

Trp
Asn
Lys
Glu
335
Gly
Pro
Ser
Gly
Asn
415
Glu
Val
Ala
Arg
Arg
495
Gln
Ala
His

Glu

Lys
Ile
Gln
320
Tyr
Ser
Cys
Asn
Leu
400
Ser
Ser
Tyr
Val
Glu
480
Gly
Met
Arg

Leu

Asp
560



Met
Trp
Val
Arg
Asp
65

Val
Ser
Trp
Pro
Lys
145
Cys
Glu
Thr
Ile
Thr
225
Cys
Ala
Thr
Lys
Pro
305
Asp
Glu
His
Trp
His
385
Val

Thr

Gly
Thr
Glu
Thr
50

Asn
Arg
Ile
Arg
Lys
130
Cys
Ser
Tyr
Gly
Ile
210
Trp
Ala
Asn
Leu
Gln
290
Tyr
Ile
Arg
Ala
Glu
370
Leu
His

Cys

Arg
Arg
Met
35

Ala
Asn
Phe
Thr
Lys
115
Leu
Ile
Cys
Asn
Ile
195
Phe
Glu
Ile
Asn
Val
275
Asn
Glu
Asn
Lys
Lys
355
Asp
His
Arg

Cys

Gly
Ile
20

Glu
His
Gly
Ser
Ser
100
Asn
Pro
Met
Ser
Thr
180
Ser
Tyr
Thr
Ile
Ile
260
Gly
Thr
Glu
Leu
Thr
340
Gly
Leu
Ser

Asp

Leu

Leu
Ala
Ala
Pro
Ala
Thr
85

Ile
Asp
Tyr
Lys
Ser
165
Ser
Leu
Cys
Gly
Leu
245
Asn
Lys
Ser
Tyr
Lys
325
Glu
Asn
Arg
Asp
Leu

405
Cys

Leu
Ser
Gln
Leu
Val
70

Cys
Cys
Glu
His
Glu
150
Asp
Asn
Leu
Tyr
Lys
230
Glu
His
Gly
Glu
Ala
310
His
Leu
Leu
Lys
His
390
Lys

Asp

Arg
Thr
Lys
Arg
55

Lys
Asp
Glu
Asn
Asp
135
Lys
Glu
Pro
Pro
Arg
215
Thr
Asp
Asn
Arg
Gln
295
Ser
Glu
Gly
Gln
Leu
375
Thr

Ser

Phe

Gly
Ile
Asp
40

His
Phe
Asn
Lys
Ile
120
Phe
Lys
Cys
Asp
Pro
200
Val
Arg
Asp
Thr
Phe
280
Phe
Trp
Asn
Lys
Glu
360
Gly
Pro

Ser

Gly

Leu
Pro
25

Glu
Ile
Pro
Gln
Pro
105
Thr
Ile
Lys
Asn
Leu
185
Leu
Asn
Lys
Arg
Glu
265
Ala
Glu
Lys
Ile
Gln
345
Tyr
Ser
Cys

Asn

Leu

Trp
10

Pro
Ile
Asn
Gln
Lys
90

Gln
Leu
Leu
Pro
Asp
170
Leu
Gly
Arg
Leu
Ser
250
Leu
Glu
Thr
Thr
Leu
330
Tyr
Leu
Ser
Gly
Ile

410
Ser

Pro
His
Ile
Asn
Leu
75

Ser
Glu
Glu
Glu
Gly
155
Asn
Leu
Val
Gln
Met
235
Asp
Leu
Val
Val
Glu
315
Gln
Trp
Thr
Leu
Arg
395

Leu

Leu

25

Leu
Val
Cys
Asp
60

Cys
Cys
Val
Thr
Asp
140
Glu
Ile
Val
Ala
Gln
220
Glu
Ile
Pro
Tyr
Ala
300
Lys
Phe
Leu
Arg
Ala
380
Pro

Val

Arg

His
Gln
Pro
45

Met
Lys
Met
Cys
Val
125
Ala
Thr
Ile
Ile
Ile
205
Lys
Phe
Ser
Ile
Lys
285
Val
Asp
Leu
Ile
His
365
Arg
Lys
Lys

Leu

Ile
Lys
30

Ser
Ile
Phe
Ser
Val
110
Cys
Ala
Phe
Phe
Phe
190
Ser
Leu
Ser
Ser
Glu

270
Ala

Ile
Thr
Thr
350
Val
Gly
Met

Asn

Asp

Val
15

Ser
Cys
Val
Cys
Asn
95

Ala
His
Ser
Phe
Ser
175
Gln
Val
Ser
Glu
Thr
255
Leu
Lys
Ile
Phe
Ala
335
Ala
Ile
Ile
Pro
Asp

415
Pro

Leu
Asp
Asn
Thr
Asp
80

Cys
Val
Asp
Pro
Met
160
Glu
Val
Ile
Ser
His
240
Cys
Asp
Leu
Phe
Ser
320
Glu
Phe
Ser
Ala
Ile
400

Leu

Thr



Val
435
Ala

Leu Ser

Met
450
Ser

Tyr

Glu
465
Glu

Phe

Met Thr

Pro Pro Phe
Asn
515

Asn

Lys Asp
Leu
530
Trp

Trp

Cys
545
Glu

Asp

Arg Phe

Cys Ser Glu

<210>
<211>
<212>
<213>

61
4629
DNA

<220>
223>
varia

<300>
<308>
<309> 2019-

<400> 61

ggagagggag
ctgtttcccc
acacccccgc
ccgeegeess
cgccacatct
gcgeggagsce
atgacgagca
catcgtcctg
taacgacatg
ttgtgatgtg
cacctccatc
gaacataaca
ggaagatgct
cttcatgtgt
taacaccagc
gccaccactg

420
Asp Asp

Pro Glu

Lys Gln

Leu

Val

Thr

Ala Asn
440
Leu Glu
455

Asp Val

470

Ser Arg
485
Gly Ser
500
Val Leu

His Gln

His Asp

Cys
Lys
Arg
Gly

Pro

Asn Ala

Val Arg

Asp Arg
520
Ile Gln
535

Glu Ala

550

Glu
565
Lys

Ser

Glu
580

nt B

NCBI NM-003242.5

05-28

aaggctctcg
cgcagcgctg
gcgtgcaccc
cctccccgeg
ggcccgcaca

gcagccaggg
gcggggtetg
tggacgcgta
atagtcactg
agattttcca
tgtgagaagc
ctagagacag
gcttctccaa
tcctgtagct
aatcctgact
ggagttgcca

Leu

Ile

Glu His

Pro Glu

Artificial Sequence

ggcggagaga
agttgaagtt
gctcgggaca
cctcgecggce
tctgecgetgce
gtccgggaag
ccatgggtcg
tcgccagcac
acaacaacgg
cctgtgacaa
cacaggaagt
tttgccatga
agtgcattat
ctgatgagtg
tgttgctagt
tatctgtcat

425

Ser Gly Gln

Ser Arg Met
Met
475

Glu

Tyr Ser

Val Gly
490
Glu His
505

Gly

Pro

Arg Pro

Met Val Cys
Thr
555

Arg

Arg Leu

Leu Asp
570
Gly

Asp Ser

585

ggtcctgccc
gagtgagtca
ggagccggac
ctccaggccc
cggeeegecesg
gcgececgtecg
ggggctgctc
gatcccaccg
tgcagtcaag
ccagaaatcc
ctgtgtggct
ccccaagctc
gaaggaaaaa
caatgacaac
catatttcaa
catcatcttc

26

430

Val Gly Thr

445
Asn Leu Glu
460
Ala

Leu Val

Val Lys Asp

Val Glu
510
Pro

Cys
Glu Ile
525
Glu Thr
540

Ala

Leu

Gln Cys

Leu Ser Gly
Thr

590

Leu Asn

Human TGF-beta receptor type-2 (TGFR2) transcript

agctgttggc
ctcgcgcgca
tcctgtgcag
cctcctggcet
cggggtcecgg
ctgcgctggg
aggggectgt
cacgttcaga
tttccacaac
tgcatgagca
gtatggagaa
ccctaccatg
aaaaagcctg
atcatcttct
gtgacaggca
tactgctacc

Ala Arg

Asn Val

Leu Trp
480
Tyr Glu
495
Ser Met

Ser Phe

Thr Glu

Val Ala
560
Arg Ser
575

Thr Lys

gaggagtttc
cggagcgacg
cttccctcgg
ggcgageges
agagggcscsy
ggctcggtct
ggccgctgea
agtcggttaa
tgtgtaaatt
actgcagcat
agaatgacga
actttattct
gtgagacttt
cagaagaata
tcagcctcct
gcgttaaccg

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960



gcagcagaag
cgagcactgt
caacatcaac
tcgetttgcet
agtggcagtc
cttctcagac
gaagacggag
acaggagtac
cctcgeccecgg
gcccatcgtg
ctgcctgtgt
ggctaacagt
gatgaatttg
gctctgggaa
atttggttcc
agatcgaggg
gtgtgagacg
tgtggcagaa
ggaggagaag
gctgggccat
cccctgaact
ggataagcag
attgtcatag
gccaataaca
tatatatata
agacaaggaa
aagcagagaa
tctctgactg
ctatgaccac
tggccatgga
tgcccttatt
ttagaaactc
tttgaacccc
atgcgattgc
cttatgttac
ctctaggctt
acaaacacca
atgaagagga
aaacatatgt
ttggagattt
tctccagtcc
ctcactgtaa
tgcacctaac
taatatgatt
aaaggggaac
gttttaccct
ccgttctctc
atgtgggaca
aagtatgagc
caagtaatct
agagagggac
tgagattttt

gtggetggsc

ctgagttcaa
gccatcatcc
cacaacacag
gaggtctata
aagatctttc
atcaatctga
ttggggaaac
ctgacgcggc
gggattgctc
cacagggacc
gactttgggc
gggcaggtgg
gagaatgttg
atgacatctc
aaggtgecggg
cgaccagaaa
ttgactgagt
cgcttcagtg
attcctgaag
gtccaaagag
gatgcttcct
aaacaacagc
gataagctgt
tttgcacttt
tatatctata
aaacatcaaa
ggaagggacc
taaaacagtg
attgcacttg
actaagtaca
tctcctggac
tccctcaacc
actttttacc
cccaccatct
tattctctgc
tatcgtgttt
atgggttcca
tttcaactac
tttgtttggt
tgcaggaaaa
acgttcacaa
acattagctc
caaggtccct
ttgactacct
tcctttaagg
ctgcattgga
catcatgcca
caaaggtccc
tttaaaactc
cttttttaaa
tggtagtgag
aagatacatg
tgagagttaa

cctgggaaac
tggaagatga
agctgctgcec
aggccaagct
cctatgagga
agcatgagaa
aatactggct
atgtcatcag
acctccacag
tcaagagctc
tttccctgeg
gaactgcaag
agtccttcaa
gctgtaatgc
agcacccctg
ttcccagctt

gctgggacca
agctggagca
acggctccct
gctgcccctc
ggaaaaccaa
agcagggagt
gttagcactt
attaatgcct
tatgtctata
tattcccagg
catgacagca
aactttgcat
cttttgcaaa
gtggcactgt
ttttcattta
tagtttagaa
ttcatgggtt
actaatgaaa
tcccagcectt
actttttcat
tctttctggg
acaatactat
cagcacagcg
tctggatccc
aatgtgaagg
tttccactgc
tgtaagaaat
tatctggtgt
gtctcagtta
gagaggagtg
gccttctcaa
atttgcagtt
cataggaaac
actttttgaa
aatatcagct
caaaggtttg
agacagtgtg

cggcaagacg
ccgctctgac
cattgagctg
gaagcagaac
gtatgcctct
catactccag
gatcaccgcc
ctgggaggac
tgatcacact
caatatcctc
tctggaccct
atacatggct
gcagaccgat
agtgggagaa
tgtcgaaagc
ctggctcaac
cgacccagag
tctggacagg
aaacactacc
tcaccaaaga
gggggtcact
gggtgacata
cctcaggaaa
gtatataaat
gctctatata
aaattggttt
ttagcatttg
gaggaaagag
ataatcattc
ttgaggacca
agctccaagc
actctacccc
gcagaaaaat
aattgttctt
catccttttc
tacacttgac
ctcctgattg
cattgtcagg
tttcaaaaag
caggtaagga
tgtggagaca
ctacctggac
gtccattcaa
taagatttga
gcccaagttt
ctttactcca
cctttgcaga
agaaaatttg
ttgttaatca
gctacttatt
ctgtttggat
gaaatagaac
gctgcagtag

27

cggaagctca
atcagctcca
gacaccctgg
acttcagagc
tggaagacag
ttcctgacgg
ttccacgcca
ctgcgcaagc
ccatgtggga
gtgaagaacg
actctgtctg
ccagaagtcc
gtctactcca
gtaaaagatt
atgaaggaca
caccagggca
gcccgtctca
ctctcgggga
aaatagctct
acagaggcag
cccctcectg
gagcattcta
tgagattgat
atgaatagct
tatagccata
tattggagaa
acaatcacac
gctccatgtc
cctgcctagc
gtgttcccgg
cccaaatctg
atctttaata
cagaacagat
tttttcatct
taaaaaggag
ttgattttct
ctcaagcaca
actatgacct
tgaagccact
tagcagatgg
cttacaaagc
cccagtctag
gcagtcattc
agttggcctt
cttttgctta
agaagctttc
aattactaga
tgtccacaag
acaaagaagt
ttcagccaaa
ggtggaaggt
ctctaggcac
catagaggcg

tggagttcag
cgtgtgccaa
tggggaaagg
agtttgagac
agaaggacat
ctgaggagcg
agggcaacct
tgggcagctc
ggcccaagat
acctaacctg
tggatgacct
tagaatccag
tggctctggt
atgagcctcc
acgtgttgag
tccagatggt
cagcccagtg
ggagctgctc
tctggggcag
caggaagctg
taagctgtgg
tgcctttgac
ttttacaata
atgttttata
ccttgaaaag
ctccagaacc
atgcagtggt
tcacagccag
acttctcttc
ggttcctgtg
gggggctagt
ccttgaatgt
gtccccatcc
ttcccctgcea
caaattctca
agttttctat
gtttggcctg
caggcactct
ttataaatat
ttttcagtta
tgcctcactt
gaattaaatc
tctgggtata
ttattggact
tatgttaata
ctcatggtta
gaggatttga
gacaagaaca
gttaatgctg
taggaatatt
ctcattttat
cctcctcagt
cctagaaatt

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140



ccacttgcac
tggtgagttt
cttctgggtt
ttatgttttt
aaatactgac
ttcagctgta
aagtctcaag
tattagattg
gtagctaaa

<210>
<211>
<212>
<213>

62
4704
DNA

<220>
<223>

cgtagggcat
ctagaatact
atcagcataa
ttttcttatt
ttttttcact
ctcatgtatt
cacttatttt
aataaagcaa

variant A

<300>
<308>
<309>

<400> 62

ggagagggag
ctgtttcccc
acacccccgc
ccgeegesess
cgccacatct
gcgeggagsce
atgacgagca
catcgtcctg
ggaaatggag
actgagacat
acaactgtgt
gagcaactgc
gagaaagaat
ccatgacttt
gcctggtgag
cttctcagaa
aggcatcagc
ctaccgcgtt
gctcatggag
ctccacgtgt
cctggtggss
agagcagttt
gacagagaag
gacggctgag
cgccaaggsgc
caagctgggc

tgggaggccc
gaacgaccta

gtctgtggat

03-01

aaggctctcg
cgcagcgctg
gcgtgcaccc
cctcccecgeg
ggcccgcaca

gcagccaggg
gcggggtctg
tggacgcgta
gcccagaaag
attaataacg
aaattttgtg
agcatcacct
gacgagaaca
attctggaag
actttcttca
gaatataaca
ctcctgccac
aaccggcagc
ttcagcgagc
gccaacaaca
aaaggtcgct
gagacagtgg
gacatcttct
gagcggaaga
aacctacagg
agctccctcg
aagatgccca
acctgctgcc
gacctggcta

gctgatacca
ggtccattca
actggaatgt
caagaaaaaa
actatacata
aaaataggaa
tattctatgc
aatactcagg

Artificial Sequence

NCBI NM_001024847.2
2020-

ggcggagaga
agttgaagtt
gctcgggaca
cctcgcecggc
tctgcgectgce
gtccgggaag
ccatgggtcg
tcgccagcac
atgaaatcat
acatgatagt
atgtgagatt
ccatctgtga
taacactaga
atgctgcttc
tgtgttcctg
ccagcaatcc
cactgggagt
agaagctgag
actgtgccat
tcaaccacaa
ttgctgaggt
cagtcaagat
cagacatcaa
cggagttggg
agtacctgac
cccgggggat
tcgtgcacag
tgtgtgactt
acagtgggca

tcccaatagc
tgagatattc
agtgtcagag
gaccaaggaa
aagggaaagt
tgtgaatgct
attgtttgtc
tgagcatcct

ggtcctgccc
gagtgagtca
ggagccggac
ctccaggccc
cggeeegecesg
gcgececgtcecg
ggggctgctc
gatcccaccg
ctgccccagc
cactgacaac
ttccacctgt
gaagccacag
gacagtttgc
tccaaagtgc
tagctctgat
tgacttgttg
tgccatatct
ttcaacctgg
catcctggaa
cacagagctg
ctataaggcc
ctttccctat
tctgaagcat
gaaacaatac
gcggcatgtc
tgctcacctc
ggacctcaag
tgggctttcc

ggtgggaact
28

tgttgcccat
aagattcaag
gatactgtgg
taacattctg
tttattcttt
atatactctt
ttttacataa
gcctcctgtt

Human TGF-beta receptor type-2 (TGFR2) transcript

agctgttggc
ctcgcgegcea
tcctgtgcag
cctcctggcet
cggggteccgg
ctgcgctggsg
aggggcctgt
cacgttcaga
tgtaatagga
aacggtgcag
gacaaccaga
gaagtctgtg
catgacccca
attatgaagg
gagtgcaatg
ctagtcatat
gtcatcatca
gaaaccggca
gatgaccgct
ctgcccattg
aagctgaagc
gaggagtatg
gagaacatac
tggctgatca
atcagctggg
cacagtgatc
agctccaata
ctgecgtctgg
gcaagataca

tgacctctag
agtattctca
cttgttttgt
tagttcctaa
tatggaacac
tttatatcaa
ataaaatgtt
cccattccta

gaggagtttc
cggagcgacg
cttccctcgg
ggcgageges
agagggcgceg
ggctcggtct
ggccgctgcea
agtcggatgt
ctgcccatcc
tcaagtttcc
aatcctgcat
tggctgtatg
agctccccta
aaaaaaaaaa
acaacatcat
ttcaagtgac
tcttctactg
agacgcggaa
ctgacatcag
agctggacac
agaacacttc
cctcttggaa
tccagttcct
ccgccttcca
aggacctgcg
acactccatg
tcctcgtgaa
accctactct
tggctccaga

4200
4260
4320
4380
4440
4500
4560
4620
4629

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740



agtcctagaa
ctccatggct
agattatgag
ggacaacgtg
gggcatccag
tctcacagcc
ggggaggagc
gctcttctgg
ggcagcagga
ccctgtaagc
ttctatgcct
ttgattttta
tagctatgtt
ccataccttg
gagaactcca
cacacatgca
atgtctcaca
ctagcacttc
cccggggttc
atctgggggs
taataccttg
cagatgtccc
catctttccc
aggagcaaat
tttctagttt
gcacagtttg
gacctcaggc
ccactttata
gatggttttc
aaagctgcct
tctaggaatt
cattctctgg
gccttttatt
gcttatatgt
ctttcctcat
ctagagagga
acaaggacaa
gaagtgttaa
ccaaatagga
aaggtctcat
ggcaccctcc
aggcgcctag
cccattgacc
tcaagagtat
tgtggcttgt
ttctgtagtt
tcttttatgg
ctctttttat
cataaataaa
ctgttcccat

<210> 63
<211> 20

tccaggatga
ctggtgctct
cctccatttg
ttgagagatc
atggtgtgtg
cagtgtgtgg
tgctcggagg
ggcaggcetgg
agctgcccct
tgtggggata
ttgacattgt
caatagccaa
ttatatatat
aaaagagaca
gaaccaagca
gtggttctct
gccagctatg
tcttctggcc
ctgtgtgccc
ctagtttaga
aatgttttga
catccatgcg
ctgcacttat
tctcactcta
tctatacaaa
gcctgatgaa
actctaaaca
aatatttgga
agttatctcc
cacttctcac
aaatctgcac
gtatataata
ggactaaagg
taatagtttt
ggttaccgtt
tttgaatgtg
gaacaaagta
tgctgcaagt
atattagaga
tttattgaga
tcagtgtggg
aaattccact
tctagtggtg
tctcacttct
tttgtttatg
cctaaaaata
aacacttcag
atcaaaagtc
atgtttatta
tcctagtagc

atttggagaa
gggaaatgac
gttccaaggt
gagggcgacc
agacgttgac
cagaacgctt
agaagattcc
gccatgtcca
gaactgatgc
agcagaaaca
cataggataa
taacatttgc
atatatatat
aggaaaaaca
gagaaggaag
gactgtaaaa
accacattgc
atggaactaa
ttatttctcc
aactctccct
accccacttt
attgccccac
gttactattc
ggctttatcg
caccaatggg
gaggatttca
tatgttttgt
gattttgcag
agtccacgtt
tgtaaacatt
ctaaccaagg
tgattttgac
ggaactcctt
accctctgca
ctctccatca
ggacacaaag
tgagctttaa
aatctctttt
gggactggta
tttttaagat
tgggctgaga
tgcaccgtag
agtttctaga
gggttatcag
tttttttttc
ctgacttttt
ctgtactcat
tcaagcactt
gattgaataa
taaa

tgttgagtcc
atctcgctgt
gcgggageac
agaaattccc
tgagtgctgg
cagtgagctg
tgaagacggc
aagaggctgc
ttcctggaaa
acagcagcag
gctgtgttag
actttattaa
ctatatatgt
tcaaatattc
ggacccatga
cagtgaactt
acttgctttt
gtacagtggc
tggacttttc
caacctagtt
ttaccttcat
catctactaa
tctgctccca
tgtttacttt
ttccatcttt
actacacaat
ttggtcagca
gaaaatctgg
cacaaaatgt
agctctttcc
tcccttgtaa
taccttatct
taagggtctc
ttggagagag
tgccagcctt
gtcccatttg
aactccatag
ttaaaacttt
gtgagaatat
acatgcaaag
gttaaagaca
ggcatgctga
atactggtcc
cataaactgg
ttattcaaga
tcactactat
gtattaaaat
atttttattc
agcaaaatac
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ttcaagcaga
aatgcagtgg
ccctgtgtcg
agcttctggc
gaccacgacc
gagcatctgg
tccctaaaca
ccctctcacc

accaaggges
ggagtgggtsg
cacttcctca
tgcctgtata
ctatagctct
ccaggaaatt
cagcattagc
tgcatgagga
gcaaaataat
actgtttgag
atttaagctc
tagaaactct
gggttgcaga
tgaaaaattg
gccttcatcc
ttcattacac
ctgggctcct
actatcattg
cagcgtttca
atccccaggt
gaaggtgtgg
actgcctacc
gaaatgtcca
ggtgttaaga
agttagccca
gagtgcttta
ctcaaccttt
cagttagaaa
gaaacttgtt
ttgaagctac
cagctctgtt
gtttggaaat
gtgtggctgc
taccatccca
attcatgaga
aatgtagtgt
aaaaagacca
acataaaggg
aggaatgtga
tatgcattgt
tcaggtgagc

ccgatgtcta
gagaagtaaa
aaagcatgaa
tcaaccacca
cagaggcccg
acaggctctc
ctaccaaata
aaagaacaga
tcactcccct
acatagagca
ggaaatgaga
taaatatgaa
atatatatag
ggttttattg
atttgacaat
aagaggctcc
cattccctgc
gaccagtgtt
caagccccaa
accccatctt
aaaatcagaa
ttettttttt
ttttctaaaa
ttgacttgat
gattgctcaa
tcaggactat
aaaagtgaag
aaggatagca
agacacttac
tggaccccag
ttcaagcagt
tttgaagttg
agtttctttt
ctccaagaag
gcagaaatta
atttgtgtcc
aatcaacaaa
ttattttcag
tggatggtsg
agaacctcta
agtagcatag
atagctgttg
tattcaagat
cagaggatac
aggaataaca
aaagttttat
atgctatata
ttgtctttta
atcctgcctc

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4704



<212> RNA
<213> Artificial Sequence

<220>
<223> TGFBR2 targeting domain sequence 1

<400> 63
gcagaccgau gucuacucca

<210> 64

<211> 20

<212> RNA

<213> Artificial Sequence

<220>
<223> TGFBR2 targeting domain sequence 2

<400> 64
ccccuaccau gacuuuauuc

<210> 65

<211> 20

<212> RNA

<213> Artificial Sequence

<220>
<223> TGFBR2 targeting domain sequence 3

<400> 65
gacaucucgc uguaaugcag

<210> 66

<211> 20

<212> RNA

<213> Artificial Sequence

<220>
<223> TGFBR2 targeting domain sequence 4

<400> 66
cacaugaaga aagucucacc

<210> 67

<211> 20

<212> RNA

<213> Artificial Sequence

<220>
<223> TGFBR2 targeting domain sequence 5

<400> 67
augauaguca cugacaacaa

30

20

20

20

20

20



<210> 68
<211> 20
<212> RNA

<213> Artificial Sequence

<220>

<223> TGFBR2 targeting domain sequence 6

<400> 68
cuccaucugu

<210> 69
<211> 610
<212> DNA

gagaagccac

<213> Artificial Sequence

<220>

<223> TGFBR2 5' homology arm sequence 1

<400> 69

tacatgcaga
gagcttagat
tgtgtgctaa
cctgtccgtg
atagttcatt
aaaatgtata
ttaagctgaa
gctgaacgag
actatgcaga
acctaccaca
caatcctgac

<210> 70
<211> 600
<212> DNA

ttttttgaag
aacactcagt
gtgcagttta
ggggatggca
tagtttaagt
aaataagaca
gtttgaagga
catgcacttg
tgctaaaatc
tccaactcct

gcagaagctg
aaatggtttg
cagtagtgaa
agagtaggga
tgtactgaat
gttttccaag
agagcagges
catccctgaa
tatagatgct
tctctccttg

<213> Artificial Sequence

<220>

tgtcattttt
tctttttatt
gaagacatgg
aagacagatg
tgttacctag
tttttctagg
atgacgaaca
ataaaaatta
caggcatgaa
ttttgtttcc

<223> TGFBR2 5' homology arm sequence 2

<400> 70

gtgcagttta
ggggatggca
tagtttaagt
aaataagaca
gtttgaagga
catgcacttg
tgctaaaatc
tccaactcct
ttgttgctag
atatctgtca

cagtagtgaa
agagtaggga
tgtactgaat
gttttccaag
agagcaggss
catccctgaa
tatagatgct
tctctccttg
tcatatttca
tcatcatctt

gaagacatgg
aagacagatg
tgttacctag
tttttctagg
atgacgaaca
ataaaaatta
caggcatgaa
ttttgtttcc
agtgacaggc
ctactgctac

taccttccag
tgaaatcaag
gaaaagtata
cctctcttaa
gatggccaga
acaatatcgt
cccacttcct
ccatcagaat
atcagcctcc
cgcgttaacc

31

tttcatgttc
tggcaatatt
taccttccag
tgaaatcaag
gaaaagtata
cctctcttaa
gatggccaga
acaatatcgt
cccacttcct
ccatcagaat

catggagttc
aggtagagtc
aggtgctatg
gcagtgacat
ggcagggaag
atctacaaaa
gacagtactt
ataacaccag
tgccaccact

ggcagcagaa

ccaatgtcct
gaggacctgc
catggagttc
aggtagagtc
aggtgctatg
gcagtgacat
ggcagggaag
atctacaaaa
gacagtactt
ataacaccag

cctgtccgtg
atagttcatt
aaaatgtata
ttaagctgaa
gctgaacgag
actatgcaga
acctaccaca
caatcctgac
gggagttgcc
gctgagttca

20

120
180
240
300
360
420
480
540
600
610

60

120
180
240
300
360
420
480
540
600



<210> 71
<211> 600
<212> DNA

<213> Artificial Sequence

<220>

<223> TGFBR2 5' homology arm sequence 3

<400> 71

atggagttca
acgtgtgcca
gtggggaaag
cagtttgaga
gagaaggaca
gctgaggagc
aagggcaacc
ctgggcagct
aggcccaaga
gacctaacct

<210> 72
<211> 600
<212> DNA

gcgagcactg
acaacatcaa
gtcgctttgc
cagtggcagt
tcttctcaga
ggaagacgga
tacaggagta
ccctcgeccg
tgcccatcgt
gctgectgtg

tgccatcatc
ccacaacaca
tgaggtctat
caagatcttt
catcaatctg

gttggggaaa
cctgacgcgg
ggggattgct

gcacagggac
tgactttggg

<213> Artificial Sequence

<220>

ctggaagatg
gagctgctgc
aaggccaagc
ccctatgagg
aagcatgaga
caatactggc
catgtcatca
cacctccaca
ctcaagagct
ctttccctgce

<223> TGFBR2 3' homology arm sequence 1

<400> 72

gtaagttaga
atccatatct
tctagccaaa
tgctaatgga
cctcctggat
ttagtacttt
tactagctgt
gaagtccaaa
gaaagtaaaa
gattaaaatg

<210> 73
<211> 20
<212> RNA

gctagtgcta
cctggectctt
gtatggagtc
cagcatttct
caatcctcat
acctctattt
agttgtgttg
tctacatcca
taagtacttg
gaaatgtttt

gatccccttt
atctcaaaca
tgccttgagc
cctcctatct
ttctcttcca
tttccctctc
gtttctttgt
catggtcacc
tcgactgagt
tggctaagaa

<213> Artificial Sequence

<220>

accttgagcc
gccctgtact
atactctgct
tcaaatcctt
gcaaatgttt
ttatggttgt
attaaaagca
caagatatgt
gagcacttcc
actattggaa

<223> TGFBR2 targeting domain sequence

<400> 73
guggaugacc

uggcuaacag

32

accgctctga
ccattgagct
tgaagcagaa
agtatgcctc
acatactcca
tgatcaccgc
gctgggagga
gtgatcacac
ccaatatcct
gtctggaccc

tggcctcacc
ctggacactg
ctgtcctgcc
cccagttcag
tttetttgtt
actcagtcct
tcgtggaagg
agcacaatgc
actcttgaag

ggtgattgga

catcagctcc
ggacaccctg
cacttcagag
ttggaagaca
gttcctgacg
cttccacgcc
cctgcgcaag
tccatgtggg
cgtgaagaac
tactctgtct

ctacctcttg
gtctagggaa
tgagcatttt
cacatttttt
tcaagcactg
ttctgctcta
caatctccct
cttgaacatt
cactctcaca
aatcaccaca

120
180
240
300
360
420
480
540
600

60

120
180
240
300
360
420
480
540
600

20



<210> 74
<211> 20
<212> DNA

<213> Artificial Sequence

<220>

<223> TGFBR2 target sequence 1

<400> 74
gcagaccgat

<210> 75
<211> 20
<212> DNA

gtctactcca

<213> Artificial Sequence

<220>

<223> TGFBR2 target sequence 2

<400> 75
gacatctcgc

<210> 76
<211> 20
<212> DNA

tgtaatgcag

<213> Artificial Sequence

<220>

<223> TGFBR2 target sequence 3

<400> 76
acagtgatca

<210>
<211>
<212>
<213>

77
1189
DNA
Homo

<220>
<223>

<300>
<308>
<309>

<400> 77

cgtgaggctc
tggggggags
aaagtgatgt
gtgcagtagt
gtgccgtgtg
gaattacttc
agtgggtgges

cactccatgt

sapiens

Genebank J04617.
1994 -

11-07

cggtgcccgt
ggtcggcaat
cgtgtactgg
cgccgtgaac
tggttcccgc
cacgcccctg
agagttcgag

EFlalpha promoter

cagtgggcag
tgaaccggtg
ctccgecttt
gttctttttc
gggccetggcec
gctgcagtac
gccttgeget

agcgcacatc
cctagagaag
ttcccgaggg
gcaacgggtt
tctttacggg
gtgattcttg
taaggagccc

33

gcccacagtc
gtggcgeggsg
tgggggagaa
tgccgccaga
ttatggccct
atcccgagct
cttcgecctcg

cccgagaagt
gtaaactggg
ccgtatataa
acacaggtaa
tgcgtgectt
tcgggttgga
tgcttgagtt

20

20

20

60

120
180
240
300
360
420



gaggcctggce
ctcgectgcett
tttttctggce

tttggggcecg
ggcctgegag
ctggtgcctg
tcggcaccag
aaatggagga
gcctttcegt
cacctcgatt
tatgcgatgg
ttgatgtaat
cctcagacag

<210> 78
<211> 25
<212> DNA

ctgggcgctg
tcgataagtc
aagatagtct
cgggegecga
cgcggccacc
gcctcgegcec
ttgcgtgagc
cgcggcegctc
cctcagccgt
agttctcgag
agtttcccca
tctccttgga
tggttcaaag

gggeegecegce
tctagccatt
tgtaaatgcg
cggggececgt
gagaatcgga
gccgtgtatc
ggaaagatgg
gggagagegg
cgcttcatgt
cttttggagt
cactgagtgg
atttgccctt
tttttttcett

<213> Artificial Sequence

<220>

gtgcgaatct
taaaattttt
ggccaagatc
gcgtcccagc
cgggggtagt
gccccgecct
ccgcttcccg
gcgggtgagt
gactccacgg
acgtcgtctt
gtggagactg
tttgagtttg
ccatttcagg

<223> human HBB splice acceptor site

<400> 78

ctgacctctt ctcttcctcc cacag

<210> 79
<211> 13
<212> DNA

<213> Artificial Sequence

<220>

<223> Human IgG splice acceptor site

<400> 79
tttctctcca

<210> 80
<211> 20
<212> DNA

cag

<213> Artificial Sequence

<220>

<223> TGFBR2 target sequence A

<400> 80
gtagctctga

<210> 81
<211> 20
<212> DNA

tgagtgcaat

<213> Artificial Sequence

<220>

34

ggtggcacct
gatgacctgc
tgcacactgg
gcacatgttc
ctcaagctgg
gggcggcaag
gccctgetgce
cacccacaca
agtaccgggc

taggttgges
aagttaggcc

gatcttggtt
tgtcgtgaa

tcgecgectgt
tgcgacgctt
tatttcggtt
ggcgagegceegg
ccggectgcet
gctggeeegg
agggagctca
aaggaaaagg
gccgtccagg

ggaggggttt
agcttggcac

cattctcaag

480
540
600
660
720
780
840
900
960
1020
1080
1140
1189

25

13

20



<223> TGFBR2 target sequence B

<400> 81
atgaatctct tcactctagg

<210> 82

<211> 107

<212> PRT

<213> Artificial Sequence

<220>
<223> FKBP

<400> 82
Gly Val Gln Val Glu Thr Ile
1 5
Lys Arg Gly Gln Thr Cys Val
20
Gly Lys Lys Met Asp Ser Ser
35
Met Leu Gly Lys Gln Glu Val
50 55
Gln Met Ser Val Gly Gln Arg
65 70
Ala Tyr Gly Ala Thr Gly His
85
Leu Val Phe Asp Val Glu Leu
100

<210> 83

<211> 107

<212> PRT

<213> Artificial Sequence

<220>
<223> FKBP12v36

<400> 83
Gly val Gln Val Glu Thr Ile
1 5
Lys Arg Gly Gln Thr Cys Val
20
Gly Lys Lys Val Asp Ser Ser
35
Met Leu Gly Lys Gln Glu Val
50 55
Gln Met Ser Val Gly Gln Arg
65 70
Ala Tyr Gly Ala Thr Gly His
85
Leu Val Phe Asp Val Glu Leu
100

Ser
Val
Arg
40

Ile
Ala

Pro

Leu

Ser
Val
Arg
40

Ile
Ala

Pro

Leu

Pro
His
25

Asp
Arg
Lys
Gly

Lys
105

Pro
His
25

Asp
Arg
Lys
Gly

Lys
105

Gly
10

Tyr
Arg
Gly
Leu
Ile

90
Leu

Gly
10

Tyr
Arg
Gly
Leu
Ile

90
Leu

Asp
Thr
Asn
Trp
Thr
75

Ile

Glu

Asp
Thr
Asn
Trp
Thr
75

Ile

Glu

35

Gly
Gly
Lys
Glu
60

Ile

Pro

Gly
Gly
Lys
Glu
60

Ile

Pro

Arg
Met
Pro
45

Glu

Ser

Pro

Arg
Met
Pro
45

Glu

Ser

Pro

Thr
Leu
30

Phe
Gly

Pro

His

Thr
Leu
30

Phe
Gly

Pro

His

Phe
15
Glu

Val
Asp

Ala
95

Phe
15

Glu
Lys
Val
Asp

Ala
95

Pro
Asp
Phe
Ala
Tyr

80
Thr

Pro
Asp
Phe
Ala
Tyr

80
Thr

20



<210> 84

<211> 16

<212> PRT

<213> Artificial Sequence

<220>
<223> human C-Src acylation motif

<400> 84
Met Gly Ser Asn Lys Ser Lys Pro Lys Asp Ala Ser Gln Arg Arg Arg
1 5 10 15

<210> 85

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> dual acylation motif

<220>

<221> VARIANT

<222> (4)...(4)

<223> Xaa is any amino acid

<400> 85
Met Gly Cys Xaa Cys
1 5

<210> 86

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> CAAX motif

<220>

<221> VARIANT

<222> (4)...(4)

<223> Xaa is any amino acid

<400> 86
Cys Ala Ala Xaa
1

<210> 87
<211> 20

36



<212> DNA
<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence C

<400> 87
acaggagtac ctgacgcggc

<210> 88

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence D

<400> 88
ctgttagcca ggtcatccac

<210> 89

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence E

<400> 89
gggtgtccag ctcaatgggc

<210> 90

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence F

<400> 90
tcataatgca ctttggagaa

<210> 91

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence G

<400> 91
tgactttatt ctggaagatg

20

20

20

20

20

37



<210>
<211>
<212>
<213>

<220>
<223>

<400>

92

20

DNA

Artificial Sequence

TGFBR2 target sequence 4

92

ggccgectgeca catcgtcectg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

93

20

DNA

Artificial Sequence

TGFBR2 target sequence 5

93

gcggggtctg ccatgggtcg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

94
20
DNA
Artificial Sequence

TGFBR2 target sequence 6

94

agttgctcat gcaggatttc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

95

20

DNA

Artificial Sequence

TGFBR2 target sequence 7

95

aagtcatggt aggggagctt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

96

20

DNA

Artificial Sequence

TGFBR2 target sequence 8

96

20

20

20

20

38



agtcatggta ggggagcttg 20

<210> 97

<211> 96

<212> RNA

<213> Artificial Sequence

<220>
<223> exemplary gRNA complementary domain

220>

<221> modified base

<222> (1)...(20)

<223> a, ¢, u, g, unknown or other

<220>

<221> modified_base
<222> (1)...(20)

<223> n is a, ¢, g, or u

<400> 97
nnNNNNNNNN NnNNNNNNNN- guuuuagagc uagaaauagc aaguuaaaau aaggcuaguc 60
cguuaucaac uugaaaaagu ggcaccgagu cggugc 96

<210> 98

<211> 104

<212> RNA

<213> Artificial Sequence

<220>
<223> exemplary gRNA complementary domain

<220>

<221> modified base

<222> (1)...(20)

<223> a, ¢, u, g, unknown or other

<220>

<221> modified_base
<222> (1)...(20)

<223> n is a, ¢, g, or u

<400> 98
nnNNNNNNNN NnNNNNNNNN- guuuuagagc uaugcugaaa agcauagcaa guuaaaauaa 60
ggcuaguccg uuaucaacuu gaaaaagugg caccgagucg gugc 104

<210> 99

<211> 106

<212> RNA

<213> Artificial Sequence

<220>
<223> exemplary gRNA complementary domain

39



<220>

<221> modified_base

<222> (1)...(20)

<223> a, ¢, u, g, unknown or other

<220>

<221> modified base
<222> (1)...(20)

<223> n is a, ¢, g, or u

<400> 99
nnnnnnnnnn nnnnnnnnnn guuuuagagc uaugcuggaa acagcauagc aaguuaaaau 60
aaggcuaguc cguuaucaac uugaaaaagu ggcaccgagu cggugc 106

<210> 100
<211> 116
<212> RNA
<213> Artificial Sequence

<220>
<223> exemplary gRNA complementary domain

<220>

<221> modified_base

<222> (1)...(20)

<223> a, ¢, u, g, unknown or other

<220>

<221> modified base
<222> (1)...(20)

<223> n is a, ¢, g, or u

<400> 100
nnNNNNNNNN NNNNNNNNNN- guuuUagagc Uaugcuguuu uggaaacaaa acagcauagc 60
aaguuaaaau aaggcuaguc cguuaucaac uugaaaaagu ggcaccgagu cggugc 116

<210> 101

<211> 96

<212> RNA

<213> Artificial Sequence

<220>
<223> exemplary gRNA complementary domain

<220>

<221> modified_base

<222> (1)...(20)

<223> a, ¢, u, g, unknown or other

<220>
<221> modified base
<222> (1)...(20)

40



<223> n is a, ¢, g, or u

<400> 101
nnnNNNNNNNN NnNNNNNNNN- guauuagagc uagaaauagc aaguuaauau aaggcuaguc 60
cguuaucaac uugaaaaagu ggcaccgagu cggugc 96

<210> 102

<211> 96

<212> RNA

<213> Artificial Sequence

<220>
<223> exemplary gRNA complementary domain

220>

<221> modified base

<222> (1)...(20)

<223> a, ¢, u, g, unknown or other

<220>

<221> modified_base
<222> (1)...(20)

<223> n is a, ¢, g, or u

<400> 102
nnNNNNNNNN NnNNNNNNNN- guuuaagagc uagaaauagc aaguuuaaau aaggcuaguc 60
cguuaucaac uugaaaaagu ggcaccgagu cggugc 96

<210> 103
<211> 116
<212> RNA
<213> Artificial Sequence

<220>
<223> exemplary gRNA complementary domain

220>

<221> modified base

<222> (1)...(20)

<223> a, ¢, u, g, unknown or other

<220>

<221> modified_base
<222> (1)...(20)

<223> n is a, ¢, g, or u

<400> 103
nnNNNNNNNN NnNNNNNNNN- guauuagagc uaugcuguau uggaaacaau acagcauagc 60
aaguuaauau aaggcuaguc cguuaucaac uugaaaaagu ggcaccgagu Ccggugc 116

<210> 104
<211> 47
<212> RNA

41



<213> Artificial Sequence

<220>
<223> exemplary proximal and tail domain

<400> 104
aaggcuaguc cguuaucaac uugaaaaagu ggcaccgagu cggugcu

<210> 105

<211> 49

<212> RNA

<213> Artificial Sequence

<220>
<223> exemplary proximal and tail domain

<400> 105
aaggcuaguc cguuaucaac uugaaaaagu ggcaccgagu Ccgguggugc

<210> 106

<211> 51

<212> RNA

<213> Artificial Sequence

<220>
<223> exemplary proximal and tail domain

<400> 106
aaggcuaguc cguuaucaac uugaaaaagu ggcaccgagu cggugcggau C

<21e> 107

<211> 31

<212> RNA

<213> Artificial Sequence

<220>
<223> exemplary proximal and tail domain

<400> 107
aaggcuaguc cguuaucaac uugaaaaagu g

<210> 108

<211> 18

<212> RNA

<213> Artificial Sequence

<220>
<223> exemplary proximal and tail domain

<400> 108
aaggcuaguc cguuauca

<210> 109
42

47

49

51

31

18



<211> 12
<212> RNA
<213> Artificial Sequence

<220>
<223> exemplary proximal and tail domain

<400> 109
aaggcuaguc cg 12

<21e> 110
<211> 102
<212> RNA
<213> Artificial Sequence

<220>
<223> exemplary chimeric gRNA

<220>

<221> modified base

<222> (1)...(20)

<223> a, ¢, u, g, unknown or other

<220>

<221> modified_base
<222> (1)...(20)

<223> n is a, ¢, g, or u

<400> 110
nnNNNNNNNN NnNNNNNNNN- guuuuagagc uagaaauagc aaguuaaaau aaggcuaguc 60
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu uu 102

<21e> 111
<211> 102
<212> RNA
<213> Artificial Sequence

<220>
<223> exemplary chimeric gRNA

220>

<221> modified base

<222> (1)...(20)

<223> a, ¢, u, g, unknown or other

<220>

<221> modified_base
<222> (1)...(20)

<223> n is a, ¢, g, or u

<400> 111
nnnNnNNNNNNN NnNNNNNNNN- guuuuaguac ucuggaaaca gaaucuacua aaacaaggca 60
Q@aaugccgug uuuauCUCgu caacuuguug gcgagauuuu uu 102

43



<210> 112

<211>
<212>
<213>

<220>

<223>

<400>

Lys
1

Trp
Val
Ala
Arg
65

Leu
Phe
Glu
Glu
Pro
145
Ile
Asn
Asn
Glu
Leu
225
Leu
Leu
Glu
Phe
Leu
305
Ile

Phe

Lys
Ala
Leu
Leu
50

Thr
Gln
His
Arg
Asn
130
Glu
Lys
Asn
Thr
Ile
210
Lys
Lys
Glu
Leu
Leu
290
Thr
Gln

Ile

1344
PRT
streptococcus

Cas9

112

Pro
Val
Gly
35

Leu
Ala
Glu
Arg
His
115
Phe
Lys
Phe
Asp
Phe
195
Leu
Leu
Leu
Glu
Glu
275
Ser
Val
Arg

Arg

Tyr
Val
20

Asn
Phe
Arg
Ile
Leu
100
Pro
Pro
Val
Arg
Val
180
Glu
Thr
Phe
Ile
Lys
260
Val
Ala
Thr
Tyr

Gln

Ser
Thr
Thr
Asp
Arg
Phe
85

Glu
Ile
Thr
Asp
Gly
165
Gln
Asn
Asp
Pro
Val
245
Ala
Leu
Lys
Asp
Asn

325
Lys

mutans

Ile
Asp
Asp
Ser
Arg
70

Ser
Asp
Phe
Ile
Leu
150
His
Arg
Ser
Lys
Asn
230
Gly
Pro
Leu
Lys
Val
310
Glu

Leu

Gly
Asp
Lys
Gly
55

Tyr
Glu
Ser
Gly
Tyr
135
Arg
Phe
Leu
Ser
Ile
215
Glu
Asn
Leu
Ala
Leu
295
Gly
His

Ser

Leu
Tyr
Ser
40

Asn
Thr
Glu
Phe
Asn
120
His
Leu
Leu
Phe
Leu
200
Ser
Lys
Gln
Gln
Gln
280
Tyr
Thr
Gln

Asp

Asp
Lys
25

His
Thr
Arg
Met
Leu
105
Leu
Leu
Val
Ile
Gln

185
Gln

Ser
Ala
Phe
265
Ile
Asp
Lys

Met

Lys

Ile
10

Val
Ile
Ala
Arg
Gly
90

Val
Glu
Arg
Tyr
Glu
170
Glu
Glu
Ser
Asn
Asp
250
Ser
Gly
Ser
Ala
Asp

330
Tyr

Gly
Pro
Glu
Glu
Arg
75

Lys
Thr
Glu
Gln
Leu
155
Gly
Phe
Gln
Ala
Gly
235
Phe
Lys
Asp
Ile
Pro
315

Leu

Asn

44

Thr
Ala
Lys
Asp
60

Asn
Val
Glu
Glu
Tyr
140
Ala
Lys
Leu
Asn
Lys
220
Arg
Lys
Asp
Asn
Leu
300
Leu

Ala

Glu

Asn
Lys
Asn
45

Arg
Arg
Asp
Asp
Val
125
Leu
Leu
Phe
Ala
Val
205
Lys
Phe
Lys
Thr
Tyr
285
Leu
Ser

Gln

Val

Ser
Lys
30

Leu
Arg
Ile
Asp
Lys
110
Lys
Ala
Ala
Asp
Val
190
Gln
Asp
Ala
His
Tyr
270
Ala
Ser
Ala

Leu

Phe

Val
15

Met
Leu
Leu
Leu
Ser
95

Arg
Tyr
Asp
His
Thr
175
Tyr
Val
Arg
Glu
Phe
255
Glu
Glu
Gly
Ser
Lys

335
Ser

Gly
Lys
Gly
Lys
Tyr
80

Phe
Gly
His
Asn
Ile
160
Arg
Asp
Glu
Val
Phe
240
Glu
Glu
Leu
Ile
Met
320
Gln

Asp



Val
Glu
Ser
385
Gln
Glu
Ala
Tyr
Ser
465
Val
Tyr
Leu
Lys
Glu
545
Lys
Asp
Gly
Asn
Leu
625
Asp
Thr
Lys
Ser
Lys
705
Asn

Ile

His

Ser
Ala
370
Gly
Arg
Met
Asp
Tyr
450
Arg
Asp
Asp
Tyr
Thr
530
Ile
Leu
Leu
Thr
Ser
610
Phe
Leu
Gly
Glu
Asn
690
Glu
Gln

Leu

Gln

Lys
355
Phe
Tyr
Thr
Arg
Asn
435
Val
Lys
Lys
Leu
Glu
515
Glu
Phe
Met
Thr
Tyr
595
Lys
Glu
Leu
Trp
Ser
675
Arg
Glu
Val
Gln

Pro
755

340
Asp

Tyr
Phe
Phe
Ala
420
Gln
Gly
Ser
Glu
Tyr
500
Lys
Gln
Asp
Asp
Gly
580
His
Asn
Asp
Thr
Gly
660
Arg
Asn
Ile
Val
Ser

740
Glu

Gly
Lys
Leu
Asp
405
Ile
Asp
Pro
Ala
Ser
485
Leu
Phe
Gly
Gly
Phe
565
Leu
Asp
Glu
Arg
Lys
645
Arg
Lys
Phe
Ala
Ser
725

Leu

Asn

Tyr
Tyr
Asp
390
Asn
Ile
Arg
Leu
Asp
470
Ser
Pro
Thr
Lys
Val
550
Leu
Asp
Leu
Lys
Glu
630
Glu
Leu
Thr
Met
Lys
710
Asp
Lys

Ile

Ala
Leu
375
Lys
Gly
Arg
Ile
Ala
455
Lys
Ala
Asn
Val
Thr
535
Phe
Glu
Lys
Cys
Ile
615
Met
Gln
Ser
Ile
Gln
695
Ala
Ile
Ile

Val

Gly
360
Lys
Ile
Ser
Arg
Glu
440
Arg
Ile
Glu
Gln
Tyr
520
Ala
Lys
Lys
Glu
Lys
600
Leu
Ile
Val
Ala
Leu
680
Leu
Gln
Ala
Val

Val
760

345
Tyr

Gly
Glu
Ile
Gln
425
Lys
Gly
Thr
Ala
Lys
505
Asn
Phe
Val
Glu
Asn
585
Ile
Glu
Arg
Lys
Glu
665
Asp
Ile
Val
Gly
Asp

745
Glu

Ile
Leu
Arg
Pro
410
Ala
Leu
Lys
Pro
Phe
490
Val
Glu
Phe
Tyr
Phe
570
Lys
Leu
Asp
Lys
Lys
650
Leu
Tyr
Asn
Ile
Ser
730
Glu

Met

Asp
Leu
Glu
395
His
Glu
Leu
Ser
Trp
475
Ile
Leu
Leu
Asp
Arg
555
Asp
Val
Asp
Ile
Arg
635
Leu
Ile
Leu
Asp
Gly
715
Pro

Leu

Ala

45

Gly
Asn
380
Asp
Gln
Phe
Thr
Asp
460
Asn
Asn
Pro
Thr
Ala
540
Lys
Glu
Phe
Lys
Val
620
Leu
Glu
His
Ile
Asp
700
Glu
Ala
Val

Arg

Lys
365
Lys
Phe
Ile
Tyr
Phe
445
Phe
Phe
Arg
Lys
Lys
525
Asn
Val
Phe
Asn
Asp
605
Leu
Glu
Arg
Gly
Asp
685
Ala
Thr
Ile
Lys

Glu
765

350
Thr

Ile
Leu
His
Pro
430
Arg
Ala
Asp
Met
His
510
Val
Met
Thr
Arg
Ala
590
Phe
Thr
Asn
Arg
Ile
670
Asp
Leu
Asp
Lys
Ile

750
Asn

Asn
Glu
Arg
Leu
415
Phe
Ile
Trp
Glu
Thr
495
Ser
Lys
Lys
Lys
Ile
575
Ser
Leu
Leu
Tyr
His
655
Arg
Gly
Ser
Asn
Lys
735

Met

Gln

Gln
Gly
Lys
400
Gln
Leu
Pro
Leu
Ile
480
Asn
Leu
Tyr
Gln
Asp
560
Val
Tyr
Asp
Thr
Ser
640
Tyr
Asn
Asn
Phe
Leu
720
Gly
Gly

Phe



Thr Asn Gln

770

Asp Ser Ile

785

Glu Asn Ser

Asn Gly Arg

Ser Gln Tyr
835
Ser Ile
850

Ser

Asn

Lys
865
Tyr

Asp

Trp Ser

Asp Asn Leu

Ala Phe
915
Ala

Gly

Val
930
Asn

His

Asn
945
Leu

Lys

Val Ser

Ile Asn Asp
Ala
995

Asp

Gly Lys

Tyr Gly
1010
Ala Lys Lys
1025

Asp Val Arg
His Ile Ser

Val Lys Lys
1075
Leu Pro Lys
1090
Phe Tyr
1105
Ala Tyr

Trp
Ser

Lys Leu Lys
Met Thr
1155

Arg Asn
1170

Gly
Lys
Gln
Asp
820
Asp
Asp
Asp
Lys
Thr
900
Ile
Arg
Lys
Asn
Tyr
980
Leu
Tyr
Phe
Thr
Asn
1060
Val
Gly
Asp
Ile

Thr
1140

Asn
775
Gly

Arg Arg

Glu Phe
790
Leu Gln Asn
805
Met

Tyr Thr

Ile Asp His
Val
855

Ser

Asn Arg

Val Pro

870

Leu Leu Ser

885
Lys

Ala Glu

Lys Arg Gln

Ile Leu Asp

935

Ile Arg Gln
950

Phe Arg

965

His

Lys

His Ala

Leu Gly Vval

Pro His Phe

1015

Phe Tyr Ser

1030
Asp Lys Asn
1045

Ile Lys Lys
Glu Glu Gln

Asn Ser Asp

1095

Thr Lys Lys
1110

Leu Val Ile

1125

Val Lys Ala

Phe Glu Arg Asp Pro

Val Gln Glu Glu Asn
1175

Gln Gln Leu
780

Lys

Ser Arg

Gln Ile Leu
795

Phe

Ser
Leu Leu
810
Glu

Asp Arg
Glu
825
Ile

Gly Leu Asp
Ile
840

Leu

Pro Gln Ala

Thr Ser Ser Lys

860
Val val Arg
875

Ile

Lys Asp

Ala Leu Thr
890

Gly

Lys

Arg Gly Leu Thr

905
Leu Val Glu Thr
920

Glu

Arg
Phe Thr
940
Thr

Arg Asn

Val Ile val
955

Leu

Lys

Glu Phe Glu
970

Ala

Tyr

His Asp Leu
985

Tyr Pro

1000

His Gly

Tyr

Gln Leu Glu

His Lys Glu

1020

Asn Ile Met Asn Phe

1035
Ile Ile Trp
1050

Ser Tyr Pro

Gly Glu

Val Leu
1065

Thr Gly Gly Phe Ser

1080

Lys Leu Ile Pro Arg

1100

Tyr Gly Gly Phe Asp
1115
Ala Asp Ile Glu Lys
1130
Leu Val Gly val Thr
1145

Val Ala Phe Leu Glu
1160

Ile Ile Lys Leu Pro

1180

Lys Gly Leu Thr

Glu Val
800
Gln

His Pro
Leu
815
Tyr

Tyr Tyr

Ile Asp Leu
830

Phe Ile

845

Glu

Lys Asp

Asn Arg Gly

Met Ser
880
Phe

Lys Lys

Gln Arg Lys

895
Asp Asp Asp
910

Ile

Lys

Gln
925
Glu

Thr Lys

Thr Asp Glu
Asn
960

Glu

Leu Lys Ser

Lys Val Arg
975
Ala Val
990

Glu

Asn Ile

Pro Phe Val
1005
Asn Lys

Ala Thr

Phe Lys Lys Asp
1040
Asp Glu
1055

Asn Ile

Lys Lys

Gln Vval
1070
Lys Glu Ser Ile
1085
Lys Thr Lys Lys
Pro Ile Val
1120
Lys Ser Lys
1135
Met Glu Lys
1150
Lys Gly Tyr

Ser
Gly
Ile
Arg

1165
Lys Tyr Ser Leu

Phe Lys Leu Glu Asn Gly Arg Lys Arg Leu Leu Ala Ser Ala Arg Glu
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1185 1190 1195 1200
Leu Gln Lys Gly Asn Glu Ile Val Leu Pro Asn His Leu Gly Thr Leu
1205 1210 1215
Leu Tyr His Ala Lys Asn Ile His Lys Val Asp Glu Pro Lys His Leu
1220 1225 1230
Asp Tyr Val Asp Lys His Lys Asp Glu Phe Lys Glu Leu Leu Asp Val
1235 1240 1245
Val Ser Asn Phe Ser Lys Lys Tyr Thr Leu Ala Glu Gly Asn Leu Glu
1250 1255 1260
Lys Ile Lys Glu Leu Tyr Ala Gln Asn Asn Gly Glu Asp Leu Lys Glu
1265 1270 1275 1280
Leu Ala Ser Ser Phe Ile Asn Leu Leu Thr Phe Thr Ala Ile Gly Ala
1285 1290 1295
Pro Ala Thr Phe Lys Phe Phe Asp Lys Asn Ile Asp Arg Lys Arg Tyr
1300 1305 1310
Thr Ser Thr Thr Glu Ile Leu Asn Ala Thr Leu Ile His Gln Ser Ile
1315 1320 1325
Thr Gly Leu Tyr Glu Thr Arg Ile Asp Leu Asn Lys Leu Gly Gly Asp
1330 1335 1340

<210> 113

<211> 1367

<212> PRT

<213> Streptococcus pyogenes

<220>
223> Cas9

<400> 113

Asp Lys Lys Tyr Ser Ile Gly Leu Asp Ile Gly Thr Asn Ser Val Gly
1 5 10 15

Trp Ala Val Ile Thr Asp Glu Tyr Lys Val Pro Ser Lys Lys Phe Lys

20 25 30
Val Leu Gly Asn Thr Asp Arg His Ser Ile Lys Lys Asn Leu Ile Gly
35 40 45
Ala Leu Leu Phe Asp Ser Gly Glu Thr Ala Glu Ala Thr Arg Leu Lys
50 55 60

Arg Thr Ala Arg Arg Arg Tyr Thr Arg Arg Lys Asn Arg Ile Cys Tyr
65 70 75 80

Leu Gln Glu Ile Phe Ser Asn Glu Met Ala Lys Val Asp Asp Ser Phe

85 90 95
Phe His Arg Leu Glu Glu Ser Phe Leu Val Glu Glu Asp Lys Lys His
100 105 110
Glu Arg His Pro Ile Phe Gly Asn Ile Val Asp Glu Val Ala Tyr His
115 120 125
Glu Lys Tyr Pro Thr Ile Tyr His Leu Arg Lys Lys Leu Val Asp Ser
130 135 140
Thr Asp Lys Ala Asp Leu Arg Leu Ile Tyr Leu Ala Leu Ala His Met
145 150 155 160
Ile Lys Phe Arg Gly His Phe Leu Ile Glu Gly Asp Leu Asn Pro Asp
165 170 175
Asn Ser Asp Val Asp Lys Leu Phe Ile Gln Leu Val Gln Thr Tyr Asn

47



Gln
Ala
Ile
225
Ile
Leu
Asp
Phe
Leu
305
Ile
Leu
Gln
Glu
Thr
385
Gln
Glu
Lys
Tyr
Thr
465
Val
Phe
Leu
Val
Lys
545
Lys
Val

Tyr

Leu
Ile
210
Ala
Ala
Ala
Leu
Leu
290
Arg
Lys
Val
Ser
Glu
370
Glu
Arg
Leu
Asp
Tyr
450
Arg
Asp
Asp
Tyr
Thr
530
Ala
Gln
Glu

His

Phe
195
Leu
Gln
Leu
Glu
Asp
275
Ala
Val
Arg
Arg
Lys
355
Phe
Glu
Thr
His
Asn
435
Val
Lys
Lys
Lys
Glu
515
Glu
Ile
Leu

Ile

Asp
595

180
Glu

Ser
Leu
Ser
Asp
260
Asn
Ala
Asn
Tyr
Gln
340
Asn
Tyr
Leu
Phe
Ala
420
Arg
Gly
Ser
Gly
Asn
500
Tyr
Gly
Val
Lys
Ser

580
Leu

Glu
Ala
Pro
Leu
245
Ala
Leu
Lys
Thr
Asp
325
Gln
Gly
Lys
Leu
Asp
405
Ile
Glu
Pro
Glu
Ala
485
Leu
Phe
Met
Asp
Glu
565
Gly

Leu

Asn
Arg
Gly
230
Gly
Lys
Leu
Asn
Glu
310
Glu
Leu
Tyr
Phe
Val
390
Asn
Leu
Lys
Leu
Glu
470
Ser
Pro
Thr
Arg
Leu
550
Asp
Val

Lys

Pro
Leu
215
Glu
Leu
Leu
Ala
Leu
295
Ile
His
Pro
Ala
Ile
375
Lys
Gly
Arg
Ile
Ala
455
Thr
Ala
Asn
Val
Lys
535
Leu
Tyr
Glu

Ile

Ile
200
Ser
Lys
Thr
Gln
Gln
280
Ser
Thr
His
Glu
Gly
360
Lys
Leu
Ser
Arg
Glu
440
Arg
Ile
Gln
Glu
Tyr
520
Pro
Phe
Phe
Asp

Ile
600

185
Asn

Lys
Lys
Pro
Leu
265
Ile
Asp
Lys
Gln
Lys
345
Tyr
Pro
Asn
Ile
Gln
425
Lys
Gly
Thr
Ser
Lys
505
Asn
Ala
Lys
Lys
Arg

585
Lys

Ala
Ser
Asn
Asn
250
Ser
Gly
Ala
Ala
Asp
330
Tyr
Ile
Ile
Arg
Pro
410
Glu
Ile
Asn
Pro
Phe
490
Val
Glu
Phe
Thr
Lys
570
Phe

Asp

Ser
Arg
Gly
235
Phe
Lys
Asp
Ile
Pro
315
Leu
Lys
Asp
Leu
Glu
395
His
Asp
Leu
Ser
Trp
475
Ile
Leu
Leu
Leu
Asn
555
Ile

Asn

Lys

48

Gly
Arg
220
Leu
Lys
Asp
Gln
Leu
300
Leu
Thr
Glu
Gly
Glu
380
Asp
Gln
Phe
Thr
Arg
460
Asn
Glu
Pro
Thr
Ser
540
Arg
Glu
Ala

Asp

Val
205
Leu
Phe
Ser
Thr
Tyr
285
Leu
Ser
Leu
Ile
Gly
365
Lys
Leu
Ile
Tyr
Phe
445
Phe
Phe
Arg
Lys
Lys
525
Gly
Lys
Cys

Ser

Phe
605

190
Asp

Glu
Gly
Asn
Tyr
270
Ala
Ser
Ala
Leu
Phe
350
Ala
Met
Leu
His
Pro
430
Arg
Ala
Glu
Met
His
510
Val
Glu
Val
Phe
Leu

590
Leu

Ala
Asn
Asn
Phe
255
Asp
Asp
Asp
Ser
Lys
335
Phe
Ser
Asp
Arg
Leu
415
Phe
Ile
Trp
Glu
Thr
495
Ser
Lys
Gln
Thr
Asp
575
Gly

Asp

Lys
Leu
Leu
240
Asp
Asp
Leu
Ile
Met
320
Ala
Asp
Gln
Gly
Lys
400
Gly
Leu
Pro
Met
Val
480
Asn
Leu
Tyr
Lys
Val
560
Ser

Thr

Asn



Glu
Phe
625
Leu
Gly
Gln
Asn
Glu
705
Glu
Leu
His
Thr
Glu
785
Glu
Asn
Ser
Asp
Lys
865
Tyr
Asp
Ala
His
Asn
945
Leu
Ile
Gly
Tyr

Glu

Glu Asn
610
Glu Asp

Phe Asp
Trp Gly

Ser Gly
675

Arg Asn

690

Asp Ile

His Ile
Gln Thr

Lys Pro
755

Gln Lys

770

Gly Ile

Asn Thr
Gly Arg

Asp Tyr
835

Ser Ile

850

Ser Asp

Trp Arg
Asn Leu

Gly Phe
915

Val Ala

930

Asp Lys

Val Ser
Asn Asn

Thr Ala
995
Gly Asp
1010
Gln Glu

Glu
Arg
Asp
Arg
660
Lys
Phe
Gln
Ala
Val
740
Glu
Gly
Lys
Gln
Asp
820
Asp
Asp
Asn
Gln
Thr
900
Ile
Gln
Leu
Asp
Tyr
980
Leu

Tyr

Ile

Asp
Glu
Lys
645
Leu
Thr
Met
Lys
Asn
725
Lys
Asn
Gln
Glu
Leu
805
Met
Val
Asn
Val
Leu
885
Lys
Lys
Ile
Ile
Phe
965
His
Ile
Lys

Gly

Ile
Met
630
Val
Ser
Ile
Gln
Ala
710
Leu
Val
Ile
Lys
Leu
790
Gln
Tyr
Asp
Lys
Pro
870
Leu
Ala
Arg
Leu
Arg
950
Arg
His
Lys
Val

Lys

Leu Glu Asp
615
Ile Glu Glu

Met Lys Gln

Arg Lys Leu
665
Leu Asp Phe
680
Leu Ile His
695
Gln Val Ser

Ala Gly Ser

Val Asp Glu
745
Val Ile Glu
760
Asn Ser Arg
775
Gly Ser Gln

Asn Glu Lys

Val Asp Gln
825
His Ile Val
840
Val Leu Thr
855
Ser Glu Glu

Asn Ala Lys

Glu Arg Gly
905
Gln Leu Val
920
Asp Ser Arg
935
Glu Val Lys

Lys Asp Phe

Ala His Asp
985
Lys Tyr Pro
1000
Tyr Asp Val
1015
Ala Thr Ala

Ile
Arg
Leu
650
Ile
Leu
Asp
Gly
Pro
730
Leu
Met
Glu
Ile
Leu
810
Glu
Pro
Arg
Val
Leu
890
Gly
Glu
Met
Val
Gln
970
Ala
Lys
Arg

Lys

Val
Leu
635
Lys
Asn
Lys
Asp
Gln
715
Ala
Val
Ala
Arg
Leu
795
Tyr
Leu
Gln
Ser
Val
875
Ile
Leu
Thr
Asn
Ile
955
Phe
Tyr
Leu

Lys

Tyr
49

Leu Thr Leu
620
Lys Thr Tyr

Arg Arg Arg

Gly Ile Arg
670
Ser Asp Gly
685
Ser Leu Thr
700
Gly Asp Ser

Ile Lys Lys

Lys Val Met
750
Arg Glu Asn
765
Met Lys Arg
780
Lys Glu His

Leu Tyr Tyr

Asp Ile Asn
830
Ser Phe Leu
845
Asp Lys Asn
860
Lys Lys Met

Thr Gln Arg

Ser Glu Leu
910
Arg Gln Ile
925
Thr Lys Tyr
940
Thr Leu Lys

Tyr Lys Val

Leu Asn Ala
990
Glu Ser Glu
1005
Met Ile Ala
1020
Phe Phe Tyr

Thr
Ala
Tyr
655
Asp
Phe
Phe
Leu
Gly
735
Gly
Gln
Ile
Pro
Leu
815
Arg
Lys
Arg
Lys
Lys
895
Asp
Thr
Asp
Ser
Arg
975
Val
Phe
Lys

Ser

Leu
His
640
Thr
Lys
Ala
Lys
His
720
Ile
Arg
Thr
Glu
Val
800
Gln
Leu
Asp
Gly
Asn
880
Phe
Lys
Lys
Glu
Lys
960
Glu
Val
Val

Ser

Asn



1025
Ile Met Asn Phe

Arg Lys Arg Pro
1060

Trp Asp Lys Gly

1075
Pro Gln Val Asn
1090

Ser Lys Glu Ser

1105

Arg Lys Lys Asp

Thr Val Ala Tyr
1140

Ser Lys Lys Leu

1155
Glu Arg Ser Ser
1170

Gly Tyr Lys Glu

1185

Ser Leu Phe Glu

Gly Glu Leu GIln
1220

Asn Phe Leu Tyr

1235
Glu Asp Asn Glu
1250

Leu Asp Glu Ile

1265

Leu Ala Asp Ala

Arg Asp Lys Pro
1300

Thr Leu Thr Asn

1315
Thr Ile Asp Arg
1330

Thr Leu Ile His

1345

Leu Ser Gln Leu

<210> 114
<211> 1387
<212> PRT
<213> Streptococ

<220>
223> Cas9

1030 1035 1040

Phe Lys Thr Glu Ile Thr Leu Ala Asn Gly Glu Ile

1045 1050 1055

Leu Ile Glu Thr Asn Gly Glu Thr Gly Glu Ile Val

1065 1070

Arg Asp Phe Ala Thr Val Arg Lys Val Leu Ser Met
1080 1085

Lys Lys Thr Glu Val Gln Thr Gly Gly Phe

1095 1100

Ile Leu Pro Lys Arg Asn Ser Asp Lys Leu Ile Ala
1110 1115 1120

Trp Asp Pro Lys Lys Tyr Gly Gly Phe Asp Ser Pro

1125 1130 1135

Ser Val Leu Val VvVal Ala Lys Val Glu Lys Gly Lys

Ile Vval

1145
Lys Ser Val Lys Glu Leu Leu Gly
1160
Phe Glu Lys Asn Pro Ile Asp Phe
1175 1180
Val Lys Lys Asp Leu Ile Ile Lys
1190 1195
Leu Glu Asn Gly Arg Lys Arg Met

1150
Ile Thr Ile Met
1165
Leu Glu Ala Lys

Leu Pro Lys Tyr
1200
Leu Ala Ser Ala

1205 1210
Lys Gly Asn Glu Leu Ala
1225
Leu Ala Ser His Tyr
1240
Gln Lys Gln Leu Phe
1255
Ile Glu Gln
1270
Asn Leu Asp
1285
Ile Arg Glu

1215
Leu Pro Ser Lys Tyr Val
1230
Lys Gly Ser Pro
1245
His

Glu Lys Leu

Val Glu Gln
1260

Phe Ser

1275

Ser Ala

Lys His Tyr

Ile Ser Glu Lys Arg Val Ile
1280
Asn Lys His
1295
His Leu Phe
1310

Phe Asp Thr

Leu
1290
Glu Asn Ile

Lys Val Tyr

Gln Ala
1305

Pro Ala Ala Phe Lys

1320

Lys Arg Tyr Thr Ser Thr Lys Glu

1335 1340

Gln Ser Ile Thr Gly Leu Tyr Glu Thr Arg Ile Asp
1350 1355 1360

Gly Gly Asp

1365

Ile

Leu Gly Ala Tyr

1325
Val Leu Asp Ala

cus thermophilus

50



<400> 114

Thr
1
Trp
Val
Val
Arg

65

Leu
Phe
Ser
Asp
Thr
145
Ile
Asn
Ala
Glu
Leu
225
Leu
Leu
Asp
Phe
Leu
305
Ile
Tyr
Asp
Glu
Ala

385
Gln

Lys
Ala
Leu
Leu
50

Thr
Gln
Gln
Lys
Glu
130
Lys
Lys
Asn
Ile
Ile
210
Lys
Lys
Asp
Leu
Leu
290
Thr
Lys
Ile
Thr
Asp
370
Asp

Arg

Pro
Val
Gly
35

Leu
Ala
Glu
Arg
Tyr
115
Phe
Lys
Tyr
Asp
Phe
195
Val
Leu
Leu
Glu
Glu
275
Lys
Val
Arg
Arg
Lys
355
Phe
Tyr

Thr

Tyr
Thr
20

Asn
Phe
Arg
Ile
Leu
100
Pro
Pro
Ala
Arg
Ile
180
Glu
Lys
Phe
Ile
Lys
260
Thr
Ala
Thr
Tyr
Asn
340
Asn
Tyr
Phe

Phe

Ser
Thr
Thr
Asp
Arg
Phe
85

Asp
Ile
Thr
Asp
Gly
165
Gln
Ser
Asp
Pro
Val
245
Ala
Leu
Lys
Asp
Asn
325
Ile
Gly
Val

Leu

Asp
405

Ile
Asp
Ser
Ser
Arg
70

Ser
Asp
Phe
Ile
Leu
150
His
Lys
Asp
Lys
Gly
230
Gly
Ser
Leu
Lys
Asn
310
Glu
Ser
Tyr
Tyr
Glu

390
Asn

Gly
Asn
Lys
Gly
55

Tyr
Thr
Ser
Gly
Tyr
135
Arg
Phe
Asn
Leu
Ile
215
Glu
Asn
Leu
Gly
Leu
295
Glu
His
Leu
Ala
Leu
375
Lys

Gly

Leu
Tyr
Lys
40

Ile
Thr
Glu
Phe
Asn
120
His
Leu
Leu
Phe
Ser
200
Ser
Lys
Gln
His
Tyr
280
Tyr
Thr
Lys
Lys
Gly
360
Lys
Ile

Ser

Asp
Lys
25

Tyr
Thr
Arg
Met
Leu
105
Leu
Leu
Val
Ile
Gln
185
Leu
Lys
Asn
Ala
Phe
265
Ile
Asp
Glu
Glu
Thr
345
Tyr
Lys
Asp

Ile

Ile
10

Val
Ile
Ala
Arg
Ala
90

Val
Val
Arg
Tyr
Glu
170
Asp
Glu
Leu
Ser
Asp
250
Ser
Gly
Ala
Ala
Asp
330
Tyr
Ile
Leu

Arg

Pro
410

Gly
Pro
Lys
Glu
Arg
75

Thr
Pro
Glu
Lys
Leu
155
Gly
Phe
Asn
Glu
Gly
235
Phe
Lys
Asp
Ile
Pro
315
Leu
Asn
Asp
Leu
Glu

395
Tyr

51

Thr
Ser
Lys
Gly
60

Asn
Leu
Asp
Glu
Tyr
140
Ala
Glu
Leu
Ser
Lys
220
Ile
Arg
Glu
Asp
Leu
300
Leu
Ala
Glu
Gly
Ala
380
Asp

Gln

Asn
Lys
Asn
45

Arg
Arg
Asp
Asp
Lys
125
Leu
Leu
Phe
Asp
Lys
205
Lys
Phe
Lys
Ser
Tyr
285
Leu
Ser
Leu
Val
Lys
365
Glu
Phe

Ile

Ser
Lys
30

Leu
Arg
Ile
Asp
Lys
110
Ala
Ala
Ala
Asn
Thr
190
Gln
Asp
Ser
Cys
Tyr
270
Ser
Ser
Ser
Leu
Phe
350
Thr
Phe

Leu

His

Val
15

Met
Leu
Leu
Leu
Ala
95

Arg
Tyr
Asp
His
Ser
175
Tyr
Leu
Arg
Glu
Phe
255
Asp
Asp
Gly
Ala
Lys
335
Lys
Asn
Glu
Arg

Leu
415

Gly
Lys
Gly
Lys
Tyr
80

Phe
Asp
His
Ser
Met
160
Lys
Asn
Glu
Ile
Phe
240
Asn
Glu
Val
Phe
Met
320
Glu
Asp
Gln
Gly
Lys

400
Gln



Glu
Ala
Tyr
Ile
465
Ile
Phe
Leu
Ile
Lys
545
Lys
Glu
His
Ser
Glu
625
Phe
Trp
Ser
Arg
Lys
705
Lys
Ile
Gly
Tyr
Glu
785
Pro

Leu

Asp

Met
Lys
Tyr
450
Arg
Asp
Asp
Tyr
Ala
530
Asp
Asp
Leu
Asp
Asn
610
Asp
Asp
Gly
Gly
Asn
690
Ile
Glu
Leu
Arg
Thr
770
Lys
Ala
Tyr

Leu

Arg
Asn
435
Val
Lys
Lys
Leu
Glu
515
Glu
Ile
Ile
Lys
Leu
595
Glu
Arg
Lys
Lys
Asn
675
Phe
Gln
Val
Gln
Lys
755
Asn
Ser
Lys

Leu

Asp

Ala
420
Lys
Gly
Arg
Glu
Tyr
500
Thr
Ser
Val
Ile
Gly
580
Leu
Ala
Glu
Ser
Leu
660
Thr
Met
Lys
Val
Ser
740
Pro
Gln
Leu
Leu
Tyr

820
Ile

Ile
Glu
Pro
Asn
Ser
485
Leu
Phe
Met
Arg
Glu
565
Ile
Asn
Ile
Met
Val
645
Ser
Ile
Gln
Ala
Lys
725
Ile
Glu
Gly
Lys
Ser
805
Tyr

Asp

Leu
Arg
Leu
Glu
470
Ser
Pro
Asn
Arg
Leu
550
Tyr
Glu
Ile
Ile
Ile
630
Leu
Ala
Leu
Leu
Gln
710
Ser
Lys
Ser
Lys
Glu
790
Lys

Leu

Arg

Asp
Ile
Ala
455
Lys
Ala
Glu
Val
Asp
535
Tyr
Leu
Lys
Ile
Glu
615
Lys
Lys
Lys
Asp
Ile
695
Ile
Leu
Ile
Ile
Ser
775
Leu
Ile
Gln

Leu

Lys
Glu
440
Arg
Ile
Glu
Glu
Tyr
520
Tyr
Phe
His
Gln
Asn
600
Glu
Gln
Lys
Leu
Tyr
680
His
Ile
Pro
Val
Val
760
Asn
Gly
Asp

Asn

Ser

Gln
425
Lys
Gly
Thr
Ala
Lys
505
Asn
Gln
Lys
Ala
Phe
585
Asp
Ile
Arg
Leu
Ile
665
Leu
Asp
Gly
Gly
Asp
745
Val
Ser
Ser
Asn
Gly

825
Asn

Ala
Ile
Asn
Pro
Phe
490
Val
Glu
Phe
Asp
Ile
570
Asn
Lys
Ile
Leu
Ser
650
Asn
Ile
Asp
Asp
Ser
730
Glu
Glu
Gln
Lys
Asn
810
Lys

Tyr

Lys
Leu
Ser
Trp
475
Ile
Leu
Leu
Leu
Lys
555
Tyr
Ser
Glu
His
Ser
635
Arg
Gly
Asp
Ala
Glu
715
Pro
Leu
Met
Gln
Ile
795
Ala
Asp

Asp
52

Phe
Thr
Asp
460
Asn
Asn
Pro
Thr
Asp
540
Arg
Gly
Ser
Phe
Thr
620
Lys
Arg
Ile
Asp
Leu
700
Asp
Ala
Val
Ala
Arg
780
Leu
Leu

Met

Ile

Tyr
Phe
445
Phe
Phe
Arg
Lys
Lys
525
Ser
Lys
Tyr
Leu
Leu
605
Leu
Phe
His
Arg
Gly
685
Ser
Lys
Ile
Lys
Arg
765
Leu
Lys
Gln
Tyr

Asp

Pro
430
Arg
Ala
Glu
Met
His
510
Val
Lys
Val
Asp
Ser
590
Asp
Thr
Glu
Tyr
Asp
670
Ile
Phe
Gly
Lys
Val
750
Glu
Lys
Glu
Asn
Thr

830
His

Phe
Ile
Trp
Asp
Thr
495
Ser
Arg
Gln
Thr
Gly
575
Thr
Asp
Ile
Asn
Thr
655
Glu
Ser
Lys
Asn
Lys
735
Met
Asn
Arg
Asn
Asp
815
Gly

Ile

Leu
Pro
Ser
Val
480
Ser
Leu
Phe
Lys
Asp
560
Ile
Tyr
Ser
Phe
Ile
640
Gly
Lys
Asn
Lys
Ile
720
Gly
Gly
Gln
Leu
Ile
800
Arg
Asp

Ile



Pro
Ser
865
Val
Leu
Gly
Glu
Phe
945
Ile
Glu
Ala
Lys
Phe
1025
Ile
Ile
Trp
Pro
Asp
1105
Pro
Asp
Val
Asn
Arg
1185
Glu
Gly
Gly

Lys

Gln
850
Ser
Val
Ile
Leu
Thr
930
Asn
Ile
Leu
Tyr
Leu
1010
Arg
Met
Glu
Asn
Gln
1090
Arg
Lys
Pro
Leu
Val
1170
Lys
Leu
Ser

Glu

Leu
1250

835
Ala Phe

Ala Ser
Lys Lys

Ser Gln
900

Ser Pro

915

Arg Gln

Asn Lys
Thr Leu

Tyr Lys
980

Leu Asn

995

Glu Pro

Glu Arg
Asn Ile
Arg Pro
1060
Lys Glu
1075
Val Asn
Gly Lys
Pro Asn
Lys Lys
1140
Val Lys
1155
Leu Glu
Asp Lys
Ile Ile

Arg Arg
1220

Ile His Lys Gly Asn

1235

Leu Tyr His Ala Lys

Leu
Asn
Arg
885
Arg
Glu
Ile
Lys
Lys
965
Val
Ala
Glu
Lys
Phe
1045
Leu
Ser
Val

Pro

Ser
1125

Lys
Arg
870
Lys
Lys
Asp
Thr
Asp
950
Ser
Arg
Val
Phe
Ser
1030
Lys
Ile
Asp
Val
Lys

1110
Asn

840
Asp Asn Ser
855
Gly Lys Ser

Thr Phe Trp

Phe Asp Asn
905
Lys Ala Gly
920
Lys His Val
935
Glu Asn Asn

Thr Leu Val

Glu Ile Asn
985
Val Ala Ser
1000
Val Tyr Gly
1015
Ala Thr Glu

Lys Ser Ile

Glu Val Asn
1065
Leu Ala Thr
1080
Lys Lys Val
1095
Gly Leu Phe

Glu Asn Leu

Tyr Gly Gly Tyr Ala

1145

Gly Thr Ile Glu Lys

1160

Phe Gln Gly Ile Ser

1175

Leu Asn Phe Leu Leu

1190

Glu Leu Pro Lys Tyr

1205

Met Leu Ala

1225

1240

1255

Ile
Asp
Tyr
890
Leu
Phe
Ala
Arg
Ser
970
Asp
Ala
Asp

Lys

Ser

Asp Asn
860

Asp Val

875

Gln Leu

Thr Lys
Ile Gln

Arg Leu
940

Ala Vval

955

Gln Phe

Phe His
Leu Leu

Tyr Pro
1020

Val Tyr

1035

Leu Ala

1050

Glu

Val

Glu

Asn

Val

1130

Gly
Gly
Ile
Glu

Ser

1210
Ser Ile Leu Ser Thr

Glu Thr
Arg Arg

Glu Gln
1100

Ala Asn

1115

Gly Ala

Ile Ser
Ala Lys

Leu Asp
1180

Lys Gly

1195

Leu Phe

Gln Ile Phe Leu Ser

Arg Ile Ser Asn Thr

1260

53

845
Lys Val Leu Val

Pro Ser Leu Glu
880

Leu Lys Ser Lys

895
Ala Glu Arg Gly
910

Arg Gln Leu Val

925

Leu Asp Glu Lys

Arg Thr Val Lys
960

Arg Lys Asp Phe

975
His Ala His Asp
990

Lys Lys Tyr Pro

1005

Lys Tyr Asn Ser

Phe Tyr Ser Asn
1040

Asp Gly Arg Val

1055
Gly Glu Ser Val
1070

Val Leu Ser Tyr

1085

Asn His Gly Leu

Leu Ser Ser Lys
1120

Lys Glu Tyr Leu

1135
Asn Ser Phe Thr
1150

Lys Lys Ile Thr

1165

Arg Ile Asn Tyr

Tyr Lys Asp Ile
1200

Glu Leu Ser Asp

1215
Asn Asn Lys Arg
1230

Gln Lys Phe Val

1245

Ile Asn Glu Asn



His Arg Lys Tyr Val Glu Asn His Lys Lys Glu Phe Glu Glu Leu Phe
1265 1270 1275 1280
Tyr Tyr Ile Leu Glu Phe Asn Glu Asn Tyr Val Gly Ala Lys Lys Asn
1285 1290 1295
Gly Lys Leu Leu Asn Ser Ala Phe Gln Ser Trp Gln Asn His Ser Ile
1300 1305 1310
Asp Glu Leu Cys Ser Ser Phe Ile Gly Pro Thr Gly Ser Glu Arg Lys
1315 1320 1325
Gly Leu Phe Glu Leu Thr Ser Arg Gly Ser Ala Ala Asp Phe Glu Phe
1330 1335 1340
Leu Gly Val Lys Ile Pro Arg Tyr Arg Asp Tyr Thr Pro Ser Ser Leu
1345 1350 1355 1360
Leu Lys Asp Ala Thr Leu Ile His Gln Ser Val Thr Gly Leu Tyr Glu
1365 1370 1375
Thr Arg Ile Asp Leu Ala Lys Leu Gly Glu Gly
1380 1385

<210> 115

<211> 1333

<212> PRT

<213> Listeria innocua

<220>
<223> Cas9

<400> 115
Lys Lys Pro Tyr Thr Ile Gly Leu Asp Ile Gly Thr Asn Ser Val Gly
1 5 10 15
Trp Ala Val Leu Thr Asp Gln Tyr Asp Leu Val Lys Arg Lys Met Lys
20 25 30
Ile Ala Gly Asp Ser Glu Lys Lys Gln Ile Lys Lys Asn Phe Trp Gly
35 40 45
Val Arg Leu Phe Asp Glu Gly Gln Thr Ala Ala Asp Arg Arg Met Ala
50 55 60
Arg Thr Ala Arg Arg Arg Ile Glu Arg Arg Arg Asn Arg Ile Ser Tyr
65 70 75 80
Leu Gln Gly Ile Phe Ala Glu Glu Met Ser Lys Thr Asp Ala Asn Phe
85 90 95
Phe Cys Arg Leu Ser Asp Ser Phe Tyr Val Asp Asn Glu Lys Arg Asn
100 105 110
Ser Arg His Pro Phe Phe Ala Thr Ile Glu Glu Glu Val Glu Tyr His
115 120 125
Lys Asn Tyr Pro Thr Ile Tyr His Leu Arg Glu Glu Leu Val Asn Ser
130 135 140
Ser Glu Lys Ala Asp Leu Arg Leu Val Tyr Leu Ala Leu Ala His Ile
145 150 155 160
Ile Lys Tyr Arg Gly Asn Phe Leu Ile Glu Gly Ala Leu Asp Thr Gln
165 170 175
Asn Thr Ser Val Asp Gly Ile Tyr Lys Gln Phe Ile Gln Thr Tyr Asn
180 185 190
Gln Val Phe Ala Ser Gly Ile Glu Asp Gly Ser Leu Lys Lys Leu Glu
195 200 205

54



Asp
Glu
225
Gly
Phe
Lys
Asp
Val
305
Lys
Leu
Glu
Asp
Leu
385
Glu
His
Lys
Val
Ser
465
Trp
Ile
Leu
Leu
Ser
545
Arg
His
Ser

Ile

Ile

Asn
210
Lys
Met
Gln
Asp
Glu
290
Val
Leu
Gly
Glu
Gly
370
Glu
Asn
Gln
Tyr
Thr
450
Glu
Asn
Glu
Pro
Thr
530
Gly
Lys
Val
Tyr
Leu

610
Leu

Lys
Leu
Phe
Lys
Ser
275
Tyr
Leu
Ser
Glu
Ile
355
Lys
Asn
Phe
Leu
Tyr
435
Phe
Phe
Ile
Lys
Lys
515
Lys
Gln
Val
Glu
Ser
595
Asp

Thr

Asp
Glu
Ala
Pro
260
Tyr
Ala
Ser
Ala
Leu
340
Phe
Thr
Ile
Leu
His
420
Pro
Arg
Ala
Glu
Met
500
His
Val
Glu
Lys
Ser
580
Thr

Asn

Val

Val
Arg
Gln
245
Phe
Glu
Glu
Ser
Ser
325
Lys
Ser
Lys
Glu
Arg
405
Leu
Phe
Ile
Trp
Glu
485
Thr
Ser
Arg
Lys
Lys
565
Pro
Tyr

Pro

Phe

Ala
Ile
230
Phe
Asp
Glu
Leu
Ile
310
Met
Ala
Asn
Gln
Gly
390
Lys
Glu
Leu
Pro
Leu
470
Lys
Asn
Leu
Tyr
Glu
550
Lys
Thr
His
Val

Glu

Lys
215
Leu
Ile
Leu
Asp
Phe
295
Ile
Ile
Phe
Thr
Ala
375
Ala
Gln
Glu
Lys
Tyr
455
Thr
Val
Lys
Cys
Ile
535
Gln
Asp
Ile
Asp
Asn

615
Asp

Ile
Lys
Ser
Ile
Leu
280
Val
Thr
Glu
Ile
Glu
360
Asp
Asp
Arg
Leu
Glu
440
Phe
Arg
Asp
Asp
Tyr
520
Asn
Ile
Leu
Glu
Leu
600
Thr

Lys

Leu
Leu
Leu
Glu
265
Glu
Ala
Val
Arg
Lys
345
Phe
Tyr
Thr
Glu
425
Asn
Val
Lys
Phe
Thr
505
Gln
Asp
Phe
Glu
Gly
585
Leu

Glu

Arg

Val
Tyr
Ile
250
Lys
Ser
Ala
Ala
Phe
330
Leu
His
Tyr
Phe
Phe
410
Ala
Tyr
Gly
Ala
Gly
490
Tyr
Lys
Gln
Asn
Leu
570
Leu
Lys
Met

Met

Glu
Pro
235
Val
Ser
Leu
Lys
Glu
315
Asp
His
Gly
Lys
Ile
395
Asp
Ile
Asp
Pro
Asp
475
Lys
Leu
Tyr
Gly
Asp
555
Phe
Glu
Val

Leu

Ile
55

Lys
220
Gly
Gly
Asp
Leu
Asn
300
Thr
Thr
Leu
Tyr
Tyr
380
Ala
Asn
Leu
Lys
Leu
460
Gly
Ser
Pro
Leu
Lys
540
Leu
Leu
Asp
Gly
Glu

620
Lys

Val
Glu
Ser
Ile
Ala
285
Ala
Glu
His
Pro
Ala
365
Met
Lys
Gly
His
Ile
445
Ala
Glu
Ala
Lys
Val
525
Thr
Phe
Arg
Ser
Ile
605

Asn

Glu

Thr
Lys
Lys
Glu
270
Leu
Tyr
Thr
Glu
Lys
350
Gly
Lys
Ile
Ala
Gln
430
Lys
Asn
Ile
Val
Glu
510
Tyr
Ser
Lys
Asn
Phe
590
Lys
Ile

Gln

Arg
Ser
Gly
255
Ile
Ser
Asn
Glu

335
His

Met
Glu
Ile
415
Gln
Ser
Gly
Arg
Asp
495
Asn
Asn
Tyr
Gln
Met
575
Asn
Gln
Val

Leu

Lys
Ala
240
Asn
Ala
Gly
Ala
Ala
320
Asp
Tyr
Ile
Thr
Lys
400
Pro
Ala
Leu
Gln
Pro
480
Phe
Val
Glu
Phe
Lys
560
Ser
Ser
Glu
Lys

Gln



625
Gln Phe Ser

Arg His Tyr

Ile Arg Asp
675
Asp Asp Gly
690
Leu Ser Phe
705
Lys Asp Ile

Lys Lys Gly

Val Met Gly
755
Asn Gln Thr
770
Ser Leu Glu
785
His Pro Thr

Tyr Leu Gln

His Asn Leu
835
Ile Thr Asp
850
Asn Arg Glu
865
Arg Lys Val

Arg Lys Phe

Ala Asp Lys
915
Ile Thr Lys
930
Lys Asp Asp
945
Lys Ser Ala

Val Arg Asp

Gly Vval Vval
995
Glu Phe Vval
1010
Lys Ala Thr
1025
Ala Gln Lys

Asp
Thr
660
Lys
Leu
Lys
Gln
Ile
740
Tyr
Thr
Lys
Asp
Asn
820
Ser
Asn
Lys
Phe
Asp
900
Ala
Asn
His
Leu
Val
980
Ala
Tyr
Ala

Asp

Val
645
Gly
Gln
Asn
Ser
Ser
725
Leu
Pro
Gly
Ala
Asn
805
Gly
Asn
Ser
Gly
Trp
885
Tyr
Arg
Val
Gly
Val
965
Asn
Asn
Gly
Lys

Arg

1045

630
Leu Asp Gly Val

Trp Gly Arg Leu
665

Ser His Leu Thr

680
Arg Asn Leu Met
695

Ile Ile Glu Lys

710

Ile Val Ala Asp

Gln Ser Leu Lys
745

Pro Gln Thr Ile

760
Lys Gly Lys Asn
775

Ile Lys Glu Phe

790

Gln Glu Leu Arg

Lys Asp Met Tyr
825

Tyr Asp Ile Asp

840
Ile Asp Asn Leu
855

Asp Asp Val Pro

870

Glu Lys Leu Tyr

Leu Thr Lys Ala
905

Phe Ile His Arg

920
Ala Asn Ile Leu
935

Asn Thr Met Lys

950

Ser Gln Phe Arg

Asp Tyr His His
985

Thr Leu Leu Lys

1000
Asp Tyr His Gln
1015

Lys Gln Phe Tyr

1030

Ile Ile Asp Glu

635
Val Leu
650
Ser Ala

Ile Leu
Gln Leu

Glu Gln
715

Leu Ala

730

Ile Val

Val Vval
Asn Ser

Gly Ser
795

Asn Asn

810

Thr Gly

His Ile
Val Leu
Pro Leu
875
Gln Gly
890
Glu Arg
Gln Leu
His Gln
Gln Vval
955
Lys Gln
970
Ala His
Val Tyr
Phe Asp

Thr Asn
1035

Lys
Lys
Asp
Ile
700
Val
Gly
Asp
Glu
Arg
780
Gln
Arg
Gln
Val
Thr
860
Glu
Asn
Gly
Val
Arg
940
Arg
Phe
Asp
Pro
Trp

1020
Ile

Lys Leu

Leu Leu
670

Tyr Leu

685

Asn Asp

Thr Thr
Ser Pro

Glu Leu
750

Met Ala

765

Pro Arg

Ile Leu
Leu Tyr

Asp Leu
830

Pro Gln

845

Ser Ser

Ile Vval
Leu Met

Gly Leu
910

Glu Thr

925

Phe Asn

Ile Vval
Gln Leu
Ala Tyr
990
Gln Leu
1005
Phe Lys

Met Leu

Asn Gly Glu Ile Leu

1050
56

640
Glu Arg
655
Met Gly

Met Asn
Ser Asn

Ala Asp
720

Ala Ile

735

Val Ser

Arg Glu
Tyr Lys

Lys Glu
800

Leu Tyr

815

Asp Ile

Ser Phe
Ala Gly

Arg Lys
880

Ser Lys

895

Thr Glu

Arg Gln
Tyr Glu

Thr Leu
960

Tyr Lys

975

Leu Asn

Glu Pro
Ala Asn
Phe Phe

1040

Trp Asp
1055



Lys
Asn
Thr
Asn
1105
Tyr
Glu
Lys
Val
Arg
1185
Gln
Cys
Glu
Tyr
Gln
1265
Leu
Glu

Asn

Lys

<210
<211
<212

Lys Tyr Leu Asp
1060
Ile Val Lys
1075
Ile Lys Pro
1090
Trp

Lys
Lys

Asp Pro Met

Ala Val val Ile
1125
Lys Lys Ile Ile

1140
Glu Lys Ala
1155

Ala Lys Leu

Asp

Leu
1170
Arg Arg Met Leu
Val Leu Pro Asn
1205
Val Ser Asp
1220
Phe Ala
1235

Leu Ala

Glu

Met Glu

Thr
1250
Asn

Glu

Lys Glu Gly

Met Ala Phe

1285

Thr Thr Ile

1300

Ser

1315

Arg Leu Asp Asp
1330

> 116
> 1082
> PRT

Thr Val Lys Lys

1065

Thr Glu Ile Gln
1080

Gly Asn Ser Ser

1095

Lys Tyr
1110

Glu Tyr

Gly Gly
Ala Lys

Thr Ile
1145

Glu Glu

1160

Tyr Thr

Arg Val
Phe Leu

Pro Lys
1175

Ala Ser

1190

His Leu

Ala Asn

Val Thr

Ser Leu
1225

Ala His

1240

Leu Asn

Gly Lys
Leu Leu

Ala Asn

1255
Asp Ile Lys Ala
1270

Asn Ala Met Gly Ala

Glu Arg Lys Arg Tyr

1305

1320

<213> Neisseria meningitidis

<220
<223

<400

>
> Cas9

> 116

Val Met Ser

Lys Gly Glu

Lys Leu Ile

Tyr Arg Gln Met
1070

Phe Ser Lys Ala

1085

Pro Arg Lys Thr

1100

Leu Asp Ser
1115

Gly Lys Asn
1130
Met Glu Arg

Gln Gly Tyr

Leu Tyr Glu

Pro Asn Met Ala
1120

Lys Leu Val Phe

1135
Lys Ala Phe Glu
1150

Arg Gln Pro Lys

1165

Cys Glu Glu Gly

1180

Glu Ala Gln
1195

Leu Leu His
1210
Asp Tyr Ile

Val Ser Glu

Lys Ile Asn

Lys Gly Asn Gln
1200

His Ala Ala Asn

1215
Glu Ser Asn Arg
1230

Phe Ala Lys Arg

1245

Gln Leu Phe Glu

1260

Ile Ala Gln
1275
Pro Ala Ser
1290

Asn Asn Leu

Thr Ile Ile Tyr Gln Ser Ile Thr Gly Leu

Met Ala Ala Phe Lys Pro Asn Ser Ile Asn Tyr Ile

1

5

10

Ile Gly Ile Ala Ser Val Gly Trp Ala Met Val Glu

20

25

Glu Asn Pro Ile Arg Leu Ile Asp Leu Gly Val Arg

35

40

57

Ser Phe Val Asp
1280

Phe Lys Phe Phe

1295
Lys Glu Leu Leu
1310
Tyr Glu Ser Arg
1325

Leu Gly Leu Asp
15
Ile Asp Glu Glu
30
Val Phe Glu Arg
45



Ala
Ala
65

Arg
Phe
Leu
Ala
Lys
145
Gly
Pro
Arg
Gln
Pro
225
Thr
His
Thr
Leu
Leu
305
Arg
Tyr
Tyr
Lys
Ala
385
Asp
Phe
Pro

Tyr

Pro

Glu
50

Arg
Thr
Asp
Arg
Val
130
Asn
Val
Ala
Asn
Ala
210
His
Gln
Cys
Ala
Glu
290
Met
Lys
Gly
His
Ser
370
Phe
Arg
Asp
Leu
Gly

450
Pro

Val
Ser
Arg
Glu
Ala
115
Leu
Glu
Ala
Glu
Gln
195
Glu
Val
Arg
Thr
Glu
275
Gln
Asp
Leu
Lys
Ala
355
Pro
Ser
Ile
Lys
Met
435
Asp

Ile

Pro
Val
Arg
Asn
100
Ala
Leu
Gly
Gly
Leu
180
Arg
Leu
Ser
Pro
Phe

260
Arg

Glu
Leu
Asp
340
Ile
Leu
Leu
Gln
Phe
420
Glu
His

Pro

Lys
Arg
Leu
85

Gly
Ala
His
Glu
Asn
165
Ala
Ser
Ile
Gly
Ala
245
Glu
Phe
Ser
Pro
Gly
325
Asn
Ser
Asn
Phe
Pro
405
Val
Gln
Tyr

Ala

Thr
Arg
70

Leu
Leu
Leu
Leu
Thr
150
Ala
Leu
Asp
Leu
Gly
230
Leu
Pro
Ile
Glu
Tyr
310
Leu
Ala
Arg
Leu
Lys
390
Glu
Gln
Gly
Gly

Asp

Gly
55

Leu
Lys
Ile
Asp
Ile
135
Ala
His
Asn
Tyr
Leu
215
Leu
Ser
Ala
Trp
Arg
295
Arg
Glu
Glu
Ala
Ser
375
Thr
Ile
Ile
Lys
Lys

455
Glu

Asp
Thr
Arg
Lys
Arg
120
Lys
Asp
Ala
Lys
Ser
200
Phe
Lys
Gly
Glu
Leu
280
Pro
Lys
Asp
Ala
Leu
360
Pro
Asp
Leu
Ser
Arg
440
Lys

Ile

Ser
Arg
Glu
Ser
105
Lys
His
Lys
Leu
Phe
185
His
Glu
Glu
Asp
Pro
265
Thr
Leu
Ser
Thr
Ser
345
Glu
Glu
Glu
Glu
Leu
425
Tyr

Asn

Arg

Leu
Arg
Gly
90

Leu
Leu
Arg
Glu
Gln
170
Glu
Thr
Lys
Gly
Ala
250
Lys
Lys
Thr
Lys
Ala
330
Thr
Lys
Leu
Asp
Ala
410
Lys
Asp
Thr

Asn

Ala
Arg
75

Val
Pro
Thr
Gly
Leu
155
Thr
Lys
Phe
Gln
Ile
235
Val
Ala
Leu
Asp
Leu
315
Phe
Leu
Glu
Gln
Ile
395
Leu
Ala
Glu
Glu

Pro

58

Met
60

Ala
Leu
Asn
Pro
Tyr
140
Gly
Gly
Glu
Ser
Lys
220
Glu
Gln
Ala
Asn
Thr
300
Thr
Phe
Met
Gly
Asp
380
Thr
Leu
Leu
Ala
Glu

460
Val

Ala
His
Gln
Thr
Leu
125
Leu
Ala
Asp
Ser
Arg
205
Glu
Thr
Lys
Lys
Asn
285
Glu
Tyr
Lys
Glu
Leu

365
Glu

Lys
Arg
Cys
445
Lys

Val

Arg
Arg
Ala
Pro
110
Glu
Ser
Leu
Phe
Gly
190
Lys
Phe
Leu
Met
Asn
270
Leu
Arg
Ala
Gly
Met
350
Lys
Ile
Arg
His
Arg
430
Ala
Ile

Leu

Arg
Leu
Ala
95

Trp
Trp
Gln
Leu
Arg
175
His
Asp
Gly
Leu
Leu
255
Thr
Arg
Ala
Gln
Leu
335
Lys
Asp
Gly
Leu
Ile
415
Ile
Glu
Tyr

Arg

Leu
Leu
80

Asn
Gln
Ser
Arg
Lys
160
Thr
Ile
Leu
Asn
Met
240
Gly
Tyr
Ile
Thr
Ala
320
Arg
Ala
Lys
Thr
Lys
400
Ser
Val
Ile

Leu

Ala



465
Leu

Ser
Phe
Asp
Val
545
Gln
Arg
Ser
Ser
Gly
625
Thr
Phe
Val
Gly
Leu
705
Arg
Met
Phe
Lys
Ile
785
Asp
Arg
Ala
Ser
Thr

865
Glu

Ser
Pro
Lys
Arg
530
Gly
Gln
Leu
Arg
Glu
610
Lys
Ser
Asp
Asn
Lys
690
Leu
His
Gln
Asp
Thr
770
Arg
Thr
Pro
Pro
Ala
850
Gln

Pro

Gln
Ala
Asp
515
Glu
Glu
His
Asn
Thr
595
Asn
Asp
Arg
Glu
Arg
675
Gly
Arg
His
Gln
Gly
755
His
Val
Leu
Glu
Asn
835
Lys

Leu

Lys

Ala
Arg
500
Arg
Lys
Pro
Gly
Glu
580
Trp
Gln
Asn
Phe
Asp
660
Phe
Lys
Gly
Ala
Lys
740
Lys
Phe
Phe
Glu
Ala
820
Arg
Arg
Lys

Leu

Arg
485
Ile
Lys
Ala
Lys
Lys
565
Lys
Asp
Asn
Ser
Pro
645
Gly
Leu
Lys
Phe
Leu
725
Ile
Thr
Pro
Gly
Lys
805
Val
Lys
Leu

Leu

Tyr
885

470
Lys

His
Glu
Ala
Ser
550
Cys
Gly
Asp
Lys
Arg
630
Arg
Phe
Cys
Arg
Trp
710
Asp
Thr
Ile
Gln
Lys
790
Leu
His
Met
Asp
Lys

870
Glu

Val
Ile
Ile
Ala
535
Lys
Leu
Tyr
Ser
Gly
615
Glu
Ser
Lys
Gln
Val
695
Gly
Ala
Arg
Asp
Pro
775
Pro
Arg
Glu
Ser
Glu
855
Asp

Ala

Ile
Glu
Glu
520
Lys
Asp
Tyr
Val
Phe
600
Asn
Trp
Lys
Glu
Phe
680
Phe
Leu
Val
Phe
Lys
760
Trp
Asp
Thr
Tyr
Gly
840
Gly

Leu

Leu

Asn
Thr
505
Lys
Phe
Ile
Ser
Glu
585
Asn
Gln
Gln
Lys
Arg
665
Val
Ala
Arg
Val
Val
745
Glu
Glu
Gly
Leu
Val
825
Gln
Val
Glu

Lys

Gly
490
Ala
Arg
Arg
Leu
Gly
570
Ile
Asn
Thr
Glu
Gln
650
Asn
Ala
Ser
Lys
Val
730
Arg
Thr
Phe
Lys
Leu
810
Thr
Gly
Ser

Lys

Ala
890

475
Val

Arg
Gln
Glu
Lys
555
Lys
Asp
Lys
Pro
Phe
635
Arg
Leu
Asp
Asn
Val
715
Ala
Tyr
Gly
Phe
Pro
795
Ala
Pro
His
Val
Met

875
Arg

59

Val
Glu
Glu
Tyr
540
Leu
Glu
His
Val
Tyr
620
Lys
Ile
Asn
Arg
Gly
700
Arg
Cys
Lys
Glu
Ala
780
Glu
Glu
Leu
Met
Leu
860
Val

Leu

Arg
Val
Glu
525
Phe
Arg
Ile
Ala
Leu
605
Glu
Ala
Leu
Asp
Met
685
Gln
Ala
Ser
Glu
Val
765
Gln
Phe
Lys
Phe
Glu
845
Arg

Asn

Glu

Arg
Gly
510
Asn
Pro
Leu
Asn
Leu
590
Val
Tyr
Arg
Leu
Thr
670
Arg
Ile
Glu
Thr
Met
750
Leu
Glu
Glu
Leu
Val
830
Thr
Val
Arg

Ala

Tyr
495
Lys
Arg
Asn
Tyr
Leu
575
Pro
Leu
Phe
Val
Gln
655
Arg
Leu
Thr
Asn
Val
735
Asn
His
Val
Glu
Ser
815
Ser
Val
Pro

Glu

His
895

480
Gly

Ser
Lys
Phe
Glu
560
Gly
Phe
Gly
Asn
Glu
640
Lys
Tyr
Thr
Asn
Asp
720
Ala
Ala
Gln
Met
Ala
800
Ser
Arg
Lys
Leu
Arg

880
Lys



Asp
Ala
Gln
Ala
945
Leu
Arg
Asp

Val

Arg
1025

Asp
Gly
Lys
930
Thr
Val
Ala
Ser
Ile

1010
Gly

Pro
Asn
915
Thr
Met
Pro
Val
Phe
995
Thr

Thr

Ile Gly Lys

Ser Phe Gln

Cys Arg Leu

1075

<210> 117
<211> 1368
<212> PRT
<213> Streptococcus pyogenes

<220>
<223> Cas9

<400> 117

Met
1
Gly
Lys
Gly
Lys
65
Tyr
Phe
His

His

Asp
Trp
Val
Ala
50

Arg
Leu
Phe

Glu

Glu
130

Lys
Ala
Leu
35

Leu
Thr
Gln
His
Arg

115
Lys

Ala
900
Arg
Gly
Val
Ile
Val
980
Asn
Lys
Gly

Asn

Lys
1060

Lys Ala Phe Ala Glu
905

Thr Gln Gln Val Lys

920
Val Trp Val Arg Asn
935
Arg Val Asp Val Phe
950

Tyr Ser Trp Gln Val

965

Gln Gly Lys Asp Glu
985

Phe Lys Phe Ser Leu

1000
Lys Ala Arg Met Phe
1015
Asn Ile Asn Ile Arg
1030

Gly Ile Leu Glu Gly

1045

Tyr Gln Ile Asp Glu

1065

Pro
Ala
His
Glu
Ala
970
Glu
His
Gly

Ile

Ile

Phe
Val
Asn
Lys
955
Lys
Asp
Pro
Tyr

His

1035

Tyr
Arg
Gly
940
Gly
Gly
Trp
Asn
Phe

1020
Asp

Lys
Val
925
Ile
Asp
Ile
Gln
Asp
1005
Ala

Leu

Gly Val Lys

1050
Leu Gly Lys Glu

Lys Lys Arg Pro Pro Val Arg

Lys
Val
20

Gly
Leu
Ala
Glu
Arg
100
His

Tyr

1080

Tyr Ser Ile Gly Leu

Ile Thr Asp Glu Tyr
25
Asn Thr Asp Arg His
40
Phe Asp Ser Gly Glu
55
Arg Arg Arg Tyr Thr
70
Ile Phe Ser Asn Glu
85
Leu Glu Glu Ser Phe
105
Pro Ile Phe Gly Asn
120
Pro Thr Ile Tyr His
135

Asp
10

Lys
Ser
Thr
Arg
Met
90

Leu

Ile

Leu

Ile
Val
Ile
Ala
Arg
75

Ala
Val

Val

Arg

60

Gly
Pro
Lys
Glu
60

Lys
Lys
Glu

Asp

Lys
140

Thr
Ser
Lys
45

Ala
Asn
Val
Glu
Glu

125
Lys

Tyr
910
Glu
Ala
Lys
Leu
Leu
990
Leu
Ser
Asp
Thr

Ile

Gln val
Asp Asn

Tyr Tyr
960

Pro Asp

975

Ile Asp

Val Glu
Cys His

His Lys
1040
Ala Leu
1055
Arg Pro

1070

Asn
Lys
30

Asn
Thr
Arg
Asp
Asp
110
Val

Leu

Ser Val
15
Lys Phe

Leu Ile
Arg Leu
Ile Cys
80
Asp Ser
95
Lys Lys
Ala Tyr

Val Asp



Ser
145
Met
Asp
Asn
Lys
Leu
225
Leu
Asp
Asp
Leu
Ile
305
Met
Ala
Asp
Gln
Gly
385
Lys
Gly
Leu
Pro
Met
465
Val
Asn
Leu
Tyr
Lys

545
Val

Thr
Ile
Asn
Gln
Ala
210
Ile
Ile
Leu
Asp
Phe
290
Leu
Ile
Leu
Gln
Glu
370
Thr
Gln
Glu
Lys
Tyr
450
Thr
Val
Phe
Leu
Val
530
Lys

Lys

Asp
Lys
Ser
Leu
195
Ile
Ala
Ala
Ala
Leu
275
Leu
Arg
Lys
Val
Ser
355
Glu
Glu
Arg
Leu
Asp
435
Tyr
Arg
Asp
Asp
Tyr
515
Thr
Ala

Gln

Lys
Phe
Asp
180
Phe
Leu
Gln
Leu
Glu
260
Asp
Ala
Val
Arg
Arg
340
Lys
Phe
Glu
Thr
His
420
Asn
Val
Lys
Lys
Lys
500
Glu
Glu
Ile

Leu

Ala
Arg
165
Val
Glu
Ser
Leu
Ser
245
Asp
Asn
Ala
Asn
Tyr
325
Gln
Asn
Tyr
Leu
Phe
405
Ala
Arg
Gly
Ser
Gly
485
Asn
Tyr
Gly
Val

Lys

Asp
150
Gly
Asp
Glu
Ala
Pro
230
Leu
Ala
Leu
Lys
Thr
310
Asp
Gln
Gly
Lys
Leu
390
Asp
Ile
Glu
Pro
Glu
470
Ala
Leu
Phe
Met
Asp

550
Glu

Leu
His
Lys
Asn
Arg
215
Gly
Gly
Lys
Leu
Asn
295
Glu
Glu
Leu
Tyr
Phe
375
Val
Asn
Leu
Lys
Leu
455
Glu
Ser
Pro
Thr
Arg
535

Leu

Asp

Arg
Phe
Leu
Pro
200
Leu
Glu
Leu
Leu
Ala
280
Leu
Ile
His
Pro
Ala
360
Ile
Lys
Gly
Arg
Ile
440
Ala
Thr
Ala
Asn
Val
520
Lys

Leu

Tyr

Leu
Leu
Phe
185
Ile
Ser
Lys
Thr
Gln
265
Gln
Ser
Thr
His
Glu
345
Gly
Lys
Leu
Ser
Arg
425
Glu
Arg
Ile
Gln
Glu
505
Tyr
Pro

Phe

Phe

Ile
Ile
170
Ile
Asn
Lys
Lys
Pro
250
Leu
Ile
Asp
Lys
Gln
330
Lys
Tyr
Pro
Asn
Ile
410
Gln
Lys
Gly
Thr
Ser
490
Lys
Asn
Ala
Lys

Lys

Tyr
155
Glu
Gln
Ala
Ser
Asn
235
Asn
Ser
Gly
Ala
Ala
315
Asp
Tyr
Ile
Ile
Arg
395
Pro
Glu
Ile
Asn
Pro
475
Phe
Val
Glu
Phe
Thr

555
Lys

61

Leu
Gly
Leu
Ser
Arg
220
Gly
Phe
Lys
Asp
Ile
300

Pro

Leu

Asp
Leu
380
Glu
His
Asp
Leu
Ser
460
Trp
Ile
Leu
Leu
Leu
540

Asn

Ile

Ala
Asp
Val
Gly
205
Arg
Leu
Lys
Asp
Gln
285
Leu
Leu
Thr
Glu
Gly
365
Glu
Asp
Gln
Phe
Thr
445
Arg
Asn
Glu
Pro
Thr
525
Ser

Arg

Glu

Leu
Leu
Gln
190
Val
Leu
Phe
Ser
Thr
270
Tyr
Leu
Ser
Leu
Ile
350
Gly
Lys
Leu
Ile
Tyr
430
Phe
Phe
Phe
Arg
Lys
510
Lys
Gly
Lys

Cys

Ala
Asn

175
Thr

Glu
Gly
Asn
255
Tyr
Ala
Ser
Ala
Leu
335
Phe
Ala
Met
Leu
His

415
Pro

Ala
Glu
Met
495
His
Val
Glu
Val

Phe

His
160
Pro
Tyr
Ala
Asn
Asn
240
Phe
Asp
Asp
Asp
Ser
320
Lys
Phe
Ser
Asp
Arg
400
Leu
Phe
Ile
Trp
Glu
480
Thr
Ser
Lys
Gln
Thr

560
Asp



Ser
Thr
Asn
Leu
625
His
Thr
Lys
Ala
Lys
705
His
Ile
Arg
Thr
Glu
785
Val
Gln
Leu
Asp
Gly
865
Asn
Phe
Lys
Lys
Glu
945
Lys

Glu

Val
Tyr
Glu
610
Phe
Leu
Gly
Gln
Asn
690
Glu
Glu
Leu
His
Thr
770
Glu
Glu
Asn
Ser
Asp
850
Lys
Tyr
Asp
Ala
His
930
Asn

Leu

Ile

Glu
His
595
Glu
Glu
Phe
Trp
Ser
675
Arg
Asp
His
Gln
Lys
755
Gln
Gly
Asn
Gly
Asp
835
Ser
Ser
Trp
Asn
Gly
915
Val
Asp
Val

Asn

Ile
580
Asp
Asn
Asp
Asp
Gly
660
Gly
Asn
Ile
Ile
Thr
740
Pro
Lys
Ile
Thr
Arg
820
Tyr
Ile
Asp
Arg
Leu
900
Phe
Ala
Lys

Ser

Asn
980

565
Ser

Leu
Glu
Arg
Asp
645
Arg
Lys
Phe
Gln
Ala
725
Val
Glu
Gly
Lys
Gln
805
Asp
Asp
Asp
Asn
Gln
885
Thr
Ile
Gln
Leu
Asp

965
Tyr

Gly
Leu
Asp
Glu
630
Lys
Leu
Thr
Met
Lys
710
Asn
Lys
Asn
Gln
Glu
790
Leu
Met
Val
Asn
Val
870
Leu
Lys
Lys
Ile
Ile
950
Phe

His

Val
Lys
Ile
615
Met
Val
Ser
Ile
Gln
695
Ala
Leu
Val
Ile
Lys
775
Leu
Gln
Tyr
Asp
Lys
855
Pro
Leu
Ala
Arg
Leu
935
Arg
Arg

His

Glu
Ile
600
Leu
Ile
Met
Arg
Leu
680
Leu
Gln
Ala
Val
Val
760
Asn
Gly
Asn
Val
His
840
Val
Ser
Asn
Glu
Gln
920
Asp
Glu
Lys

Ala

Asp
585
Ile
Glu
Glu
Lys
Lys
665
Asp
Ile
Val
Gly
Asp
745
Ile
Ser
Ser
Glu
Asp
825
Ile
Leu
Glu
Ala
Arg
905
Leu
Ser
Val
Asp

His
985

570
Arg

Lys
Asp
Glu
Gln
650
Leu
Phe
His
Ser
Ser
730
Glu
Glu
Arg
Gln
Lys
810
Gln
Val
Thr
Glu
Lys
890
Gly
Val
Arg
Lys
Phe

970
Asp

Phe
Asp
Ile
Arg
635
Leu
Ile
Leu
Asp
Gly
715
Pro
Leu
Met
Glu
Ile
795
Leu
Glu
Pro
Arg
Val
875
Leu
Gly
Glu
Met
Val
955
Gln

Ala

62

Asn
Lys
Val
620
Leu
Lys
Asn
Lys
Asp
700
Gln
Ala
Val
Ala
Arg
780
Leu
Tyr
Leu
Gln
Ser
860
Val
Ile
Leu
Thr
Asn
940
Ile
Phe

Tyr

Ala
Asp
605
Leu
Lys
Arg
Gly
Ser
685
Ser
Gly
Ile
Lys
Arg
765
Met
Lys
Leu
Asp
Ser
845
Asp
Lys
Thr
Ser
Arg
925
Thr
Thr
Tyr

Leu

Ser
590
Phe
Thr
Thr
Arg
Ile
670
Asp
Leu
Asp
Lys
Val
750
Glu
Lys
Glu
Tyr
Ile
830
Phe
Lys
Lys
Gln
Glu
910
Gln
Lys
Leu

Lys

Asn
990

575
Leu

Leu
Leu
Tyr
Arg

655
Arg

Thr
Ser
Lys
735
Met
Asn
Arg
His
Tyr
815
Asn
Leu
Asn
Met
Arg
895
Leu
Ile
Tyr
Lys
Val

975
Ala

Gly
Asp
Thr
Ala
640
Tyr
Asp
Phe
Phe
Leu
720
Gly
Gly
Gln
Ile
Pro
800
Leu
Arg
Lys
Arg
Lys
880
Lys
Asp
Thr
Asp
Ser
960
Arg

Val



Val Gly Thr
995
Val Tyr Gly
1010
Ser Glu Gln
1025

Asn Ile Met

Ala
Asp
Glu

Asn

Leu Ile Lys Lys Tyr
1000
Tyr Lys Val Tyr Asp
1015
Ile Gly Lys Ala Thr
1030

Pro Lys Leu Glu Ser
1005
Val Arg Lys Met Ile
1020
Ala Lys Tyr Phe Phe
1035
Ile Thr Leu Ala Asn

Glu Phe
Ala Lys

Tyr Ser
1040

Ile

Val

Met

Phe

1105

Ala
Pro
Lys
Met

Lys

1185

Tyr
Ala
Val
Pro

Tyr

1265

Ile

His

Phe

Thr

Ala

1345

Arg Lys Arg
1060
Trp Asp Lys

1075
Pro Gln Val
1090

Ser Lys Glu
Arg Lys Lys

Thr Val Ala
1140
Ser Lys Lys
1155
Glu Arg Ser
1170
Gly Tyr Lys

Ser Leu Phe

Gly Glu Leu
1220
Asn Phe Leu
1235
Glu Asp Asn
1250
Leu Asp Glu

Leu Ala Asp

Arg Asp Lys
1300

Phe Phe Lys Thr Glu

1045

Pro Leu Ile Glu Thr
1065

Gly Arg Asp Phe Ala

1080
Asn Ile Val Lys Lys
1095
Ser Ile Leu Pro Lys
1110

Asp Trp Asp Pro Lys

1125

Tyr Ser Val Leu Val
1145

Leu Lys Ser Val Lys Glu

1160
Ser Phe Glu Lys Asn Pro
1175
Glu Val Lys Lys Asp Leu
1190

Glu Leu

1205

Gln Lys

Asn
Thr
Thr
Arg
Lys

Val

Glu Asn Gly Arg

Gly Asn Glu Leu
1225
Ala Ser His
1240
Lys Gln Leu
1255
Glu Gln Ile

Tyr Leu Tyr

Glu Gln Phe
Ile Ile
1270
Ala Asn Leu Asp Lys
1285
Pro Ile Arg Glu Gln
1305

Ser

Val

Ala

1050

1130

1210

1290

Gly Glu

1055

Gly Glu Thr Gly Glu Ile

1070
Val Arg Lys Val Leu Ser
1085

Glu Val Gln Thr Gly Gly
1100

Asn Ser Asp Lys Leu Ile

1115 1120

Tyr Gly Gly Phe Asp Ser

1135
Ala Lys Val Glu Lys Gly
1150
Leu Leu Gly Ile Thr Ile
1165

Ile Asp Phe Leu Glu Ala
1180

Ile Ile

1195

Lys Arg

Lys Leu Pro Lys
1200

Met Leu Ala Ser

1215
Pro Ser Lys Tyr
1230

Leu Lys Gly Ser

1245

Gln His Lys His

Ala Leu
Glu Lys

Val Glu
1260

Glu Phe Ser Lys Arg Val

1275 1280

Leu Ser Ala Tyr Asn Lys

1295
Glu Asn Ile Ile His Leu
1310

Thr Leu Thr Asn Leu Gly Ala Pro Ala Ala Phe Lys Tyr Phe Asp

1315

1320

1325

Thr Ile Asp Arg Lys Arg Tyr Thr Ser Thr Lys Glu Val Leu Asp

1330

1335

1340

Thr Leu Ile His Gln Ser Ile Thr Gly Leu Tyr Glu Thr Arg Ile

1350

Asp Leu Ser Gln Leu Gly Gly Asp

<210> 118
<211> 1205
<212> DNA

1365

1355 1360

63



<213> Artificial Sequence

<220>

<223> EFlalpha promoter

<400> 118
cgtgaggctc
tggggggags
aaagtgatgt
gtgcactagt
gtgccgtgtg
gaattacttc
ggtgggagag
cctggecctgg
ctgctttcga
tctggcaaga

gggccgeges
tgcgagcgceg
tgcctggect
caccagttgc
ggaggacgceg
ttccgtcctc
tcgattagtt
cgatggagtt
tgtaattctc
agacagtggt
ccaaa

<210>
<211>
<212>
<213>

119
544
DNA

<220>
<223>

<400> 119
ggatctgcga
agaagttggg
actgggaaag
atataagtgc
agctgaagct
gccatccacg
cgtccgecegt
cttggagcct
tctacgtctt
ctac

<210> 120
<211> 66
<212> DNA

cggtgcccgt
ggtcggcaat
cgtgtactgg
cgccgtgaac
tggttcccgc
cacctggctg
ttcgtggect
gcgetgggsc
taagtctcta
tagtcttgta
cggegacgses
gccaccgaga
cgcgecgecg
gtgagcggaa
gcgctcggga
agccgtcgcet
ctccagcttt
tccccacact
cttggaattt
tcaaagtttt

tcgctccggt
gggaggggtc
tgatgtcgtg
agtagtcgcc
tcgaggggct
ccggttgagt
ctaggtaagt
acctagactc
tgtttcgttt

cagtgggcag
tgaaccggtg
ctccgecttt
gttctttttc
gggccetggcec
cagtacgtga
tgcgcttaag
cgeccgegtgc
gccatttaaa
aatgcgggcc
gcccgtgegt
atcggacggg
tgtatcgccc
agatggccgc
gagcggeces
tcatgtgact
tggagtacgt
gagtgggtgg
gccectttttg
tttcttccat

Artificial Sequence

gcccgtcagt
ggcaattgaa
tactggctcc
gtgaacgttc
cgcatctctc
cgegttctgc
ttaaagctca
agccggctct
tctgttctgce

<213> Artificial Sequence

agcgcacatc
cctagagaag
ttcccgaggg
gcaacgggtt
tctttacggg
ttcttgatcc
gagccccttc
gaatctggtg
atttttgatg
aagatcagca
cccagcgcac
ggtagtctca
cgccctgggc
ttcccggcecc
gtgagtcacc
ccacggagta
cgtctttagg
agactgaagt
agtttggatc
ttcaggtgtc

Eflalpha promoter with HTLV1 enhancer

gggcagageg
ccggtgccta
gcctttttcec
tttttcgcaa
cttcacgcgc
cgcctcccgce
ggtcgagacc
ccacgctttg
gccgttacag

64

gcccacagtc
gtggcgeggsg
tgggggagaa
tgccgccaga
ttatggccct
cgagcttcgg
gcctecgtgcet
gcaccttcgc
acctgctgceg
cactggtatt
atgttcggcg
agctgcccgg
ggcaaggctg
tgctgcaggg
cacacaaagg
ccggeegecyg
ttggggggag
taggccagct
ttggttcatt
gtgaaaacta

cacatcgccc
gagaaggtgg
cgagggtggsg
cgggtttgcc
ccgeccgecect
ctgtggtgcc
gggecctttgt
cctgaccctg
atccaagctg

cccgagaagt
gtaaactggg
ccgtatataa
acacaggtaa
tgcgtgectt
gttggaagtg
tgagttgtgg
gcctgtctceg
acgectttttt
tcggtttttg

aggegggecc
cctgctctgg

gcceggtegg
agcacaaaat
aaaagggcct
tccaggcacc
gggttttatg
tggcacttga
ctcaagcctc
cccctaaaag

acagtccccg

cgcggggtaa
ggagaaccgt
gccagaacac
acctgaggcc
tcctgaactg
ccggegcetcec
cttgctcaac

tgaccggcgc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1205

60

120
180
240
300
360
420
480
540
544



<220>

<223> P2A nucleotide sequence

<400> 120

ggatctggag cgacgaattt tagtctactg aaacaagcgg gagacgtgga ggaaaaccct 60

ggacct

<210> 121
<211> 4107
<212> DNA

<213> Streptococcus pyogenes

<220>

<223> Cas9 codon optimized nucleic acid sequence

<400> 121

atggataaaa
attacggacg
cactctataa
gccacaaggt
tacctgcaag
ctggaagaat
aatattgtcg
aagctggtgg
atgattaaat
gtcgataagc
ataaatgctt
agacttgaga
ctgatcgccc
gacgctaagc
cagattgggg
ctgttgagcg
atgatcaagc
caacagctcc
ggctatatag

gagaaaatgg
aagcagcgga
gcaatcctga
gaaaagattc
cggtttgect
gtggtggaca
aacctcccta
tacaatgaac
agtggagaac
gtgaagcaac
tcaggggttg
ataaaggaca
ctcaccctga
cacctcttcg
agattgtcaa
gatttcctca
tctcttacct
catgaacaca

agtacagcat
agtacaaggt
agaaaaatct
tgaagcggac
aaatcttcag
cctttcttgt
acgaagtggc
actctaccga
ttagaggaca
tgttcatcca
caggagtcga
atctgattgc
tcagtctcgg
tccagctgtc
atcagtacgc
atatcttgag
ggtacgacga
ccgaaaaata
atggtgggsc
acggcacaga
cctttgacaa
ggaggcagga
ttacattcag
ggatgacaag
agggtgcatc
atgagaaggt
tgactaaagt
agaagaaggc
ttaaagaaga
aagaccgctt
aagacttcct
ccctgttcga
acgataaagt
ggaagctgat
aatctgatgg

tcaaggagga
tcgcgaattt

cgggcectggac
accctccaaa

tattggagcc
cgccaggags
taacgagatg
tgaggaagac
atatcacgaa
taaggcggac
tttcttgatc
acttgtgcag
cgctaaagca
tcagttgccc
actgacccca
caaggacaca
cgatctcttt
agtgaacacc
gcatcatcag
caaggaaatc
cagtcaggag
ggagttgctg
cgggtctatc
ggatttttat
gatcccgtac
gaagtcagag
tgcccagtct
gctgcccaaa
caagtacgtc
gattgtagac
ctactttaag
caatgcgtca
ggacaacgaa
agacagggaa
tatgaagcag
caatggaatt
cttcgccaat
cattcaaaag
ggcaggttcc

atcggtacaa
aaatttaaag
ttgctgttcg
cggtatacca
gcaaaggttg
aagaagcacg
aagtacccga
ctcagactta
gagggcgacc
acctacaatc
atcctgtccg
ggggaaaaga
aatttcaaaa
tacgatgacg
ttggcagcaa
gaaattacta
gatctgaccc
ttctttgacc
gaattctata
gtcaaactta
ccccaccaga
ccttttctta
tacgtgggac
gagactatta
ttcatcgagc
cattctctgc
accgagggaa
ctgttgttca
aagatcgaat
ttggggactt
gaaaatgagg
atgatagaag
ctgaagcgca
agggataaac
aggaacttca
gctcaggtga
cccgctatta

65

actcagtggg
tgctgggtaa
actcaggcga
ggagaaagaa
acgatagctt
aacggcaccc
ctatctacca
tttatttggc
tgaacccgga
aactgttcga
cgcgectctce
aaaatggatt
gtaacttcga
acctcgacaa
agaacctgtc
aagcacccct
tgctgaaggc
agagcaaaaa
aattcatcaa
acagggagga
ttcatctggg
aagataaccg
ctctcgcccg
caccttggaa
ggatgacaaa
tctacgagta
tgaggaagcc
agaccaacag
gttttgacag
accatgatct
atattctcga
agcgcttgaa
ggagatacac
agagtggcaa
tgcaactgat

gcgggcages
aaaagggcat

gtgggccgtg
cacggacaga
gacagccgaa
ccgcatatgc
tttccatcgc
catctttggc
cctcaggaag
actcgcccac
caacagtgac
agaaaaccct
aaaatctaga
gtttggcaac
cctggccgaa
tctgctggcc
cgacgccatc
tagcgcatct
tcttgtgagg
cggctacgct
gcccattctc
cctgectgegg
cgaactgcac
cgagaaaata
gggcaattca
cttcgaagaa
ttttgacaag
ctttaccgtc
ggcattcctt
gaaggtgact
tgtggaaatt
tctcaagatc
agacatcgtc
aacctatgcc
aggatgggga
gaccatactg
tcacgatgac
agactccctt
ccttcaaact

66

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220



gtcaaggtgg
atcgagatgg
atgaagagga
gtagaaaaca
gacatgtacg
atcgtgcccc
gacaagaaca
aactactggc
acgaaagcag
ctggtggaaa
acaaaatacg
aagctggtgt
taccatcatg
tacccaaagc
atgatagcca
aacatcatga
ccccttatag
gctactgtga
cagaccggag
gcccgcaaga
tattctgtgc
aaggaactct
ttcctggagg
tactctctct
caaaagggaa
cactatgaaa
cagcacaagc
atcctggcegg
cctattaggg
cccgecgect
gaggtcctcg
gacctctctc

<210> 122
<211> 1368
<212> PRT

tggatgaatt
cccgcgaaaa
tcgaggaggsg
cacagctgca
tcgaccaaga
agtccttcct
ggggtaaaag
gacagctgct
agagaggtgg
ctaggcagat
acgaaaatga
ccgattttcg
ctcacgatgc
tggaatccga
agtccgagca
atttttttaa
agacaaatgg
ggaaggtgct
gattttccaa
aagattggga
tggtggtagc
tgggaatcac
ctaagggtta
tcgagctgga
acgagcttgc
agctgaaagg
actatctgga
atgctaattt
aacaagccga
tcaaatactt
atgccaccct

aactgggcgg

ggtcaaggta
ccagaccaca
catcaaagag
gaacgaaaaa
acttgatatt
gaaggacgac
tgataatgtg
taatgcaaag
cttgtctgag
cacaaagcac
taaactgata
gaaagacttc
gtacctgaac
gttcgtatac
ggagattgga
gacggaaatt
tgaaacaggt
gagtatgcca
ggaaagcatt
ccctaagaaa
taaggtggaa
tatcatggaa
caaggaggtc
aaatggcagg
tctgccctcc
gtctcccgaa
tgaaataatc
ggacaaagta
gaatataatt
tgatacgact
catccaccag
cgactag

<213> Streptococcus pyogenes

<220>
223> Cas9

<400> 122
Met Asp Lys
1
Gly

Trp Ala

Val Leu
35
Leu

Lys

Ala
50
Arg

Gly
Lys Thr
65
Tyr

Leu Gln

Lys
5

Val

20

Gly Asn Thr

Leu

Ala

Glu

Tyr Ser

Ile Thr

Phe Asp

Arg Arg
70
Ile Phe

Ile Gly

Asp Glu

Asp Arg
40
Ser Gly
55
Arg Tyr

Ser Asn

atgggcagac

cagaagggcc
ctgggatctc

ttgtacttgt
aatagactgt
tccattgata
cctagcgagg
ctcattacac
ttggacaagg
gtggcgcaga
cgagaggtca
cagttctaca
gctgttgtcg
ggggattaca
aaggccacag
accctggcca
gaaatcgtct
caggtaaata
ttgcctaaaa
tacgggggat
aaaggaaagt
agatcatcct
aagaaagacc
aagagaatgt
aaatatgtta
gataacgagc
gaacaaataa
ctgtctgcett
cacctcttta
atcgaccgga
tcaattactg

Leu Asp Ile

10
Lys

Tyr Val

25
His

Ser Ile

Glu Thr Ala

Thr Arg Arg
75

Ala
66

Glu Met

ataagccaga
agaaaaatag
agattctcaa
actatctgca
ccgactatga
acaaagtctt
aggtggtgaa
aacggaagtt
cagggtttat
ttttggacag
aagttatcac
aagttcgcga
ggaccgcctt
aagtgtacga
ctaagtactt
acggagagat
gggataaggg
tcgtgaaaaa
gaaactcaga
ttgactcacc
ctaagaagct
ttgaaaagaa
tcatcattaa
tggccagcgc
attttctcta
agaagcagct
gcgagttcag
ataacaagca
cactcacgaa
aacggtatac
gcctgtacga

Gly Thr Asn

Pro Ser Lys

30

Lys Lys Asn
45

Glu Ala

60

Lys

Thr

Asn Arg

Lys Val Asp

aaatattgtg
tagagagcgg
agaacacccc
gaacggcaga
cgtagaccat
gacaagaagc
aaaaatgaag
cgataatctg
taagcggcag
ccggatgaac
gctgaaaagc
gattaataac
gataaagaag
tgtgaggaaa
cttttattct
cagaaagcgg
cagggatttc
aaccgaagta
caagctcatc
caccgtagcc
gaagtccgtg
ccctatcgat
actgccaaaa
cggagagctg
tctcgcttcc
gttcgtcgaa
Caaaagggtt
ccgggataag
tctcggagcc
cagtaccaaa
aacacggatc

Ser Val
15
Lys Phe

Leu Ile

Arg Leu

Ile Cys
80

Asp Ser

2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4107



Phe
His
His
Ser
145
Met
Asp
Asn
Lys
Leu
225
Leu
Asp
Asp
Leu
Ile
305
Met
Ala
Asp
Gln
Gly
385
Lys
Gly
Leu
Pro
Met
465
Val

Asn

Phe
Glu
Glu
130
Thr
Ile
Asn
Gln
Ala
210
Ile
Ile
Leu
Asp
Phe
290
Leu
Ile
Leu
Gln
Glu
370
Thr
Gln
Glu
Lys
Tyr
450
Thr
Val

Phe

His
Arg
115
Lys
Asp
Lys
Ser
Leu
195
Ile
Ala
Ala
Ala
Leu
275
Leu
Arg
Lys
Val
Ser
355
Glu
Glu
Arg
Leu
Asp
435
Tyr
Arg
Asp

Asp

Arg
100
His
Tyr
Lys
Phe
Asp
180
Phe
Leu
Gln
Leu
Glu
260
Asp
Ala
Val
Arg
Arg
340
Lys
Phe
Glu
Thr
His
420
Asn
Val
Lys
Lys

Lys
500

85
Leu

Pro
Pro
Ala
Arg
165
Val
Glu
Ser
Leu
Ser
245
Asp
Asn
Ala
Asn
Tyr
325
Gln
Asn
Tyr
Leu
Phe
405
Ala
Arg
Gly
Ser
Gly

485
Asn

Glu
Ile
Thr
Asp
150
Gly
Asp
Glu
Ala
Pro
230
Leu
Ala
Leu
Lys
Thr
310
Asp
Gln
Gly
Lys
Leu
390
Asp
Ile
Glu
Pro
Glu
470
Ala

Leu

Glu
Phe
Ile
135
Leu
His
Lys
Asn
Arg
215
Gly
Gly
Lys
Leu
Asn
295
Glu
Glu
Leu
Tyr
Phe
375
Val
Asn
Leu
Lys
Leu
455
Glu

Ser

Pro

Ser
Gly
120
Tyr
Arg
Phe
Leu
Pro
200
Leu
Glu
Leu
Leu
Ala
280
Leu
Ile
His
Pro
Ala
360
Ile
Lys
Gly
Arg
Ile
440
Ala
Thr
Ala

Asn

Phe
105
Asn
His
Leu
Leu
Phe
185
Ile
Ser
Lys
Thr
Gln
265
Gln
Ser
Thr
His
Glu
345
Gly
Lys
Leu
Ser
Arg
425
Glu
Arg
Ile
Gln

Glu
505

90
Leu

Ile
Leu
Ile
Ile
170
Ile
Asn
Lys
Lys
Pro
250
Leu
Ile
Asp
Lys
Gln
330
Lys
Tyr
Pro
Asn
Ile
410
Gln
Lys
Gly
Thr
Ser

490
Lys

Val
Val
Arg
Tyr
155
Glu
Gln
Ala
Ser
Asn
235
Asn
Ser
Gly
Ala
Ala
315
Asp
Tyr
Ile
Ile
Arg
395
Pro
Glu
Ile
Asn
Pro
475
Phe

Val

67

Glu
Asp
Lys
140
Leu
Gly
Leu
Ser
Arg
220
Gly
Phe
Lys
Asp
Ile
300
Pro
Leu
Lys
Asp
Leu
380
Glu
His
Asp
Leu
Ser
460
Trp
Ile

Leu

Glu
Glu
125
Lys
Ala
Asp
Val
Gly
205
Arg
Leu
Lys
Asp
Gln
285
Leu
Leu
Thr
Glu
Gly
365
Glu
Asp
Gln
Phe
Thr
445
Arg
Asn

Glu

Pro

Asp
110
Val
Leu
Leu
Leu
Gln
190
Val
Leu
Phe
Ser
Thr
270
Tyr
Leu
Ser
Leu
Ile
350
Gly
Lys
Leu
Ile
Tyr
430
Phe
Phe
Phe
Arg

Lys
510

95
Lys

Ala
Val
Ala
Asn
175
Thr
Asp
Glu
Gly
Asn
255
Tyr
Ala
Ser
Ala
Leu
335
Phe
Ala
Met
Leu
His
415
Pro
Arg
Ala
Glu
Met

495
His

Lys
Tyr
Asp
His
160
Pro
Tyr
Ala
Asn
Asn
240
Phe
Asp
Asp
Asp
Ser
320
Lys
Phe
Ser
Asp
Arg
400
Leu
Phe
Ile
Trp
Glu
480
Thr

Ser



Leu
Tyr
Lys
545
Val
Ser
Thr
Asn
Leu
625
His
Thr
Lys
Ala
Lys
705
His
Ile
Arg
Thr
Glu
785
Val
Gln
Leu
Asp
Gly
865
Asn
Phe
Lys

Lys

Leu
Val
530
Lys
Lys
Val
Tyr
Glu
610
Phe
Leu
Gly
Gln
Asn
690
Glu
Glu
Leu
His
Thr
770
Glu
Glu
Asn
Ser
Asp
850
Lys
Tyr
Asp
Ala

His

Tyr
515
Thr
Ala
Gln
Glu
His
595
Glu
Glu
Phe
Trp
Ser
675
Arg
Asp
His
Gln
Lys
755
Gln
Gly
Asn
Gly
Asp
835
Ser
Ser
Trp
Asn
Gly

915
Val

Glu
Glu
Ile
Leu
Ile
580
Asp
Asn
Asp
Asp
Gly
660
Gly
Asn
Ile
Ile
Thr
740
Pro
Lys
Ile
Thr
Arg
820
Tyr
Ile
Asp
Arg
Leu
900
Phe

Ala

Tyr
Gly
Val
Lys
565
Ser
Leu
Glu
Arg
Asp
645
Arg
Lys
Phe
Gln
Ala
725
Val
Glu
Gly
Lys
Gln
805
Asp
Asp
Asp
Asn
Gln
885
Thr
Ile

Gln

Phe
Met
Asp
550
Glu
Gly
Leu
Asp
Glu
630
Lys
Leu
Thr
Met
Lys
710
Asn
Lys
Asn
Gln
Glu
790
Leu
Met
Val
Asn
Val
870
Leu
Lys
Lys

Ile

Thr
Arg
535
Leu
Asp
Val
Lys
Ile
615
Met
Val
Ser
Ile
Gln
695
Ala
Leu
Val
Ile
Lys
775
Leu
Gln
Tyr
Asp
Lys
855
Pro
Leu
Ala
Arg

Leu

Val
520
Lys
Leu
Tyr
Glu
Ile
600
Leu
Ile
Met
Arg
Leu
680
Leu
Gln
Ala
Val
Val
760
Asn
Gly
Asn
Val
His
840
Val
Ser
Asn
Glu
Gln

920
Asp

Tyr
Pro
Phe
Phe
Asp
585
Ile
Glu
Glu
Lys
Lys
665
Asp
Ile
Val
Gly
Asp
745
Ile
Ser
Ser
Glu
Asp
825
Ile
Leu
Glu
Ala
Arg
905

Leu

Ser

Asn
Ala
Lys
Lys
570
Arg
Lys
Asp
Glu
Gln
650
Leu
Phe
His
Ser
Ser
730
Glu
Glu
Arg
Gln
Lys
810
Gln
Val
Thr
Glu
Lys
890
Gly
Val

Arg

Glu
Phe
Thr
555
Lys
Phe
Asp
Ile
Arg
635
Leu
Ile
Leu
Asp
Gly
715
Pro
Leu
Met
Glu
Ile
795
Leu
Glu
Pro
Arg
Val

875
Leu

Glu

Met
68

Leu
Leu
540
Asn
Ile
Asn
Lys
Val
620
Leu
Lys
Asn
Lys
Asp
700
Gln
Ala
Val
Ala
Arg
780
Leu
Tyr
Leu
Gln
Ser
860
Val
Ile
Leu

Thr

Asn

Thr
525
Ser
Arg
Glu
Ala
Asp
605
Leu
Lys
Arg
Gly
Ser
685
Ser
Gly
Ile
Lys
Arg
765
Met
Lys
Leu
Asp
Ser
845
Asp
Lys
Thr
Ser
Arg

925
Thr

Lys
Gly
Lys
Cys
Ser
590
Phe
Thr
Thr
Arg
Ile
670
Asp
Leu
Asp
Lys
Val
750
Glu
Lys
Glu
Tyr
Ile
830
Phe
Lys
Lys
Gln
Glu
910
Gln

Lys

Val
Glu
Val
Phe
575
Leu
Leu
Leu
Tyr
Arg
655
Arg
Gly
Thr
Ser
Lys
735
Met
Asn
Arg
His
Tyr
815
Asn
Leu
Asn
Met
Arg
895
Leu

Ile

Tyr

Lys
Gln
Thr
560
Asp
Gly
Asp
Thr
Ala
640
Tyr
Asp
Phe
Phe
Leu
720
Gly
Gly
Gln
Ile
Pro
800
Leu
Arg
Lys
Arg
Lys
880
Lys
Asp
Thr

Asp



Glu
945
Lys
Glu
Val
Val
Ser
1025
Asn
Ile
Val
Met
Phe
1105
Ala
Pro
Lys
Met
Lys
1185
Tyr
Ala
Val
Pro
Tyr
1265
Ile
His
Phe
Thr

Ala
1345

930
Asn Ile
950

Phe

Asp Lys Leu

Leu Val Ser Asp

965
Ile Asn Tyr His
980

Ala

Asn

Thr
995
Gly

Gly Leu Ile
Tyr
1010
Glu

Asp Tyr Lys

Gln Glu Ile Gly

1030
Ile Met Phe Phe
1045

Pro Leu

Asn

Arg Lys Arg

1060
Trp Asp Lys
1075

Gln Vval

Gly Arg

Pro Asn Ile

1090

Ser Lys Glu Ser Ile
1110

Asp Trp

1125

Tyr Ser

Arg Lys Lys

Thr Val Ala
1140
Ser Lys Lys
1155
Glu Arg Ser
1170
Gly Tyr Lys

Leu Lys

Ser Phe

1190
Ser Leu Phe
1205
Gly Glu Leu Gln Lys
1220
Asn Phe Leu Tyr Leu
1235
Glu Asp Asn Glu Gln
1250
Leu Asp Glu Ile Ile
1270
Leu Ala Asp Ala Asn
1285
Arg Asp Lys Pro Ile
1300
Thr Leu Thr Asn Leu
1315
Thr Ile Asp Arg Lys
1330
Thr Leu Ile His Gln
1350

935
Arg Glu Val

Arg Lys Asp
Ala His
985
Lys Tyr
1000
Tyr Asp

His
Lys

Val
1015
Lys Ala Thr

Lys Thr Glu

Ile Glu Thr
1065

Phe Ala

1080

Lys Lys

Asp

Val
1095
Leu Pro Lys

Asp Pro Lys

Val Leu Val
1145

Val Lys

1160

Lys Asn

Ser

Glu
1175

Glu Val Lys Lys Asp Leu

Glu Leu Glu Asn Gly Arg

Gly Asn Glu
1225
Ala Ser His
1240
Lys Gln Leu
1255
Glu Gln Ile

Leu Asp Lys

Arg Glu Gln
1305

Gly Ala Pro Ala Ala Phe

1320

Arg Tyr Thr Ser Thr Lys

1335

Val
955
Gln

Lys

Phe
970
Asp Ala

Pro Lys

Val Arg

Ala Lys
1035
Ile Thr
1050

Asn Gly
Thr Val
Thr Glu

Arg Asn

1115
Lys Tyr
1130
Val Ala

Glu Leu

Pro Ile
Ile
1195
Lys
1210
Leu Ala

Tyr Glu

Phe Vval

Glu
1275
Leu

Ser

Val
1290
Ala Glu

940

Ile Thr Leu Ser
960

Arg

Lys
Phe Val
975
Ala

Tyr Lys
Leu Asn Val
990
Glu Ser
1005
Met Ile

Tyr

Leu Glu Phe

Lys Ala
1020

Tyr

Lys
Phe Phe Ser
1040
Gly Glu
1055

Glu Ile

Tyr

Leu Ala Asn

Glu Thr Gly
1070

Lys Val Leu Ser

1085

Gln Thr Gly Gly

Arg

Val
1100
Ser Asp Lys Leu Ile
1120
Gly Gly Phe Asp Ser
1135
Lys Val Glu Lys Gly
1150
Leu Gly Ile Thr Ile
1165
Asp Phe Leu Glu Ala
1180
Ile Lys Leu Pro Lys
1200
Arg Met Leu Ala Ser
1215
Leu Pro Ser Lys Tyr
1230
Lys Leu Lys Gly Ser
1245
Glu Gln His Lys His
1260
Phe Ser Lys Arg Val
1280
Ala Tyr Asn Lys
1295
Ile Ile His Leu
1310
Lys Tyr Phe Asp
1325
Glu Val Leu Asp

Ser

Asn

1340

Ser Ile Thr Gly Leu Tyr Glu Thr Arg Ile

1355
69

1360



Asp Leu Ser Gln Leu Gly Gly Asp

<210>
<211>
<212>
<213>

123
3249
DNA

<220>
<223> Cas9
<400> 123

atggccgcct
agcgtgggct
ctgggtgtgc
gctcgecggc
cgecgectcgcec
ggcctgatca
aagctgactc
ctgagccagc
ggcgtggecg
gccctgaaca
cacaccttca
gagttcggca
acccagcgcc
gagccagccg
accaagctga
gagcgcgcca
cgcaagctgc
aacgccgagg
gagaaggagg
gagatcggca
gaccgcatcc
gtgcagatca
tacgacgagg
aagatctacc
ctgagccagg
atccacatcg
aagcgccagg
ttccccaact
cagcagcacg
aagggctacg
aacaacaagg
gagtacttca
accagccgct
ggcttcaagg
gtggccgacc
cagatcacca
cgccaccacg
atcacccgct
gagaccggceg
caggaggtga

1365

Neisseria meningitidis

codon optimized nucleic acid sequence

tcaagcccaa
gggccatggt
gcgtgttcga
ttgctcgctc
gcctgctgaa
agagcctgcc
ctctggagtg
gcaagaacga
acaacgccca
agttcgagaa
gccgcaagga
acccccacgt
ccgccctgag
agcccaaggc
acaacctgcg
ccctgatgga
tgggtctgga
ccagcaccct
gcctgaagga
ccgccttcag
agcccgagat
gcctgaaggc
cctgecgecga
tgcctcctat
cccgcaaggt
agaccgcccg
aggagaaccg
tcgtgggcga
gcaagtgcct
tggagatcga
tgctggtgct
acggcaagga
tcccccgeag
agcgcaacct
gcatgcgcct
acctgctgceg
ccctggacgc
tcgtgcgcta
aggtgctgca
tgatccgcgt

ccccatcaac
ggagatcgac
gcgecgetgag
tgttcggcgc
gcgegagggt
caacactcct
gagcgccgtg
gggcgagacc
cgccctgcag
ggagagceggce
cctgcaggcc
gageggegsece
cggcgacgcc
cgccaagaac
catcctggag
cgagccctac
ggacaccgcc
gatggagatg
caagaagagt
cctgttcaag
cctggaggcc
cctgcgecgce
gatctacggc
ccccgecgac
gatcaacggc
cgaggtggsgc
caaggaccgc
gcccaagagc
gtacagcggc
ccacgccctg
gggcagcgag
caacagccgc
caagaagcag
gaacgacacc
gaccggcaag
cggecttctgg
cgtggtggtg
caaggagatg
ccagaagacc
gttcggcaag

tacatcctgg
gaggacgaga
gtgcccaaga
cttactcgcc
gtgctgcagg
tggcagctgc
ctgctgcacc
gccgacaagg
actggtgact
cacatccgca
gagctgatcc
ctgaaggagg
gtgcagaaga
acctacaccg
cagggcagceg
cgcaagagca
ttcttcaagg
aaggcctacc
cctctgaacc
accgacgagg
ctgctgaagc
atcgtgcccc
gaccactacg
gagatccgca
gtggtgcgcc
aagagcttca
gagaaggccg
aaggacatcc
aaggagatca
cccttcagcc
aaccagaaca
gagtggcagg
cgcatcctgc
cgctacgtga
ggcaagaagc
ggcctgcegcea
gcctgcagcea
aacgccttcg
cacttccccc
cccgacggca

70

gcctggacat
accccatctg
ctggtgacag
ggcgcgctca
ctgccgactt
gcgectgecgc
tgatcaagca
agctgggtgc
tccgcactcc
accagcgcegg
tgctgttcga
gcatcgagac
tgctgggcca
ccgagcgctt
agcgccccct
agctgaccta
gcctgegcta
acgccatcag
tgagccccga
acatcaccgg
acatcagctt
tgatggagca
gcaagaagaa
accccgtggt
gctacggcag
aggaccgcaa
ccgccaagtt
tgaagctgcg
acctgggccg

gcacctggga
agggcaacca

agttcaaggc
tgcagaagtt
accgcttcct
gecgtgttcgc
aggtgcgcgc
ccgtggccat
acggtaaaac

agccctggga
agcccgagtt

cggcatcgcc
cctgatcgac
tctggctatg
ccgccttctg
cgacgagaac
tctggaccgc
ccgecggctac
tctgctgaag
tgctgagctg
cgactacagc
gaagcagaag
cctgctgatg
ctgcaccttc
catctggctg
gaccgacacc
cgcccaggcc
cggcaaggac
ccgcgecectg
gctgcaggac
ccgcctgaag
cgacaagttc
gggcaagegce
caccgaggag
gctgecgcegcec
ccececgececgce
ggagatcgag
ccgcgagtac
cctgtacgag
cctgaacgag
cgacagcttc
gaccccctac
ccgegtggag
cgacgaggac
gtgccagttc
cagcaacggc
cgagaacgac
gcagcagaag
catcgacaag
gttcttcgcc

cgaggaggcc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400



gacacccccg
gtgcacgagt
cagggtcaca
cgecgtgceccc
gagcccaagc
aaggccttcg
aaggccgtgc
atcgccgaca
ctggtgccca
cagggcaagsg
ctgcacccca
gccagctgcc
atcggcaaga
taccagatcg
gtgcgctaa

<210> 124
<211> 1082
<212> PRT
<213> Neiss

<220>
<223> Cas9

<400> 124
Met Ala Ala
1
Ile

Gly Ile

Glu Pro
35
Val

Asn
Ala Glu
50
Ala Arg
65

Arg

Ser

Ala Arg

Phe Asp Glu
Ala
115

Leu

Leu Arg

Ala val
130
Lys Asn Glu
145
Gly

Val Ala

Pro Ala Glu
Gln
195

Glu

Arg Asn

Gln Ala

210

agaagctgcg
acgtgactcc
tggagaccgt
tgacccagct
tgtacgaggc
ccgagccctt
gcgtggagca
acgccaccat
tctacagctg
acgaggagga
acgacctggt
accgcggcac
acggcatcct

acgagctggg

eria

Phe Lys
Ala
20
Ile

Ser
Cys
Pro Lys
Val Arg
Leu

85
Gly

Arg

Asn
100
Ala Ala

Leu His

Gly Glu

Pro
Val
Leu
Thr
Arg
70

Leu
Leu
Leu

Leu

Thr

caccctgctg
tctgttcgtg
gaagagcgcc
gaagctgaag
cctgaaggcc
ctacaagtac
ggtgcagaag
ggtgegegtg
gcaggtggcec
ctggcagctg
ggaggtgatc
cggcaacatc

ggagggcatc
caaggagatc

meningitidis

Asn Pro

Gly Trp

Ile Asp
40
Gly Asp
55
Leu Thr

Lys Arg

Ile Lys

Asp Arg
120
Ile Lys
135

Ala Asp

150

Asn
165
Ala

Asp

Leu
180
Arg Gly

Leu Ile

Ala
Leu
Asp

Leu

His Ala

Asn Lys
Ser
200
Phe

Tyr

Leu
215

gccgagaagc
agccgegcecc
aagcgcctgg
gacctggaga
cgcctggagg
gacaaggccg
accggecgtgt
gacgtgttcg
aagggcatcc
atcgacgaca
accaagaagg
aacatccgca
ggcgtgaaga
cgcccctgcec

Ile Asn
10

Met

Tyr

Ala
25
Leu

Val

Gly Vval

Ser Leu Ala

Arg Arg Arg

75
Glu Gly Val
90
Leu

Ser Pro

105
Lys

Leu Thr

His Arg Gly

Glu Leu
155
Thr

Lys

Gln
170
Glu

Leu

Phe
185
His

Lys
Thr Phe

Glu Lys GIln

71

tgagcagccg
ccaaccgcaa
acgagggcgt
agatggtgaa
cccacaagga
gcaaccgcac
gggtgcgcaa
agaagggcga
tgcccgaccg
gcttcaactt
cccgecatgtt
tccacgacct
ccgccctgag
gcctgaagaa

Ile Leu Gly

Glu Ile Asp
30
Val Phe
45

Ala

Arg

Met
60
Ala

Arg

His Arg

Leu Gln Ala

Thr Pro
110
Glu

Asn

Leu
125
Leu

Pro

Tyr Ser

140

Gly Ala Leu

Gly Asp Phe

Glu Ser Gly

190
Ser Arg Lys
205
Glu

Lys Phe

220

ccctgaggcc
gatgagcggt
gagcgtgctg
ccgcgagcegc
cgaccccgcc
ccagcaggtg
ccacaacggc
caagtactac
cgcegtggtg
caagttcagc
cggctacttc
ggaccacaag
cttccagaag
gcgeccctcect

Leu
15
Glu

Asp
Asp
Glu Arg
Arg Leu
Leu

80
Asp

Leu

Ala
95
Trp Gln

Trp Ser

Gln Arg

Leu Lys
160
Arg Thr
175
His Ile

Asp Leu

Gly Asn

2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3249



Pro
225
Thr
His
Thr
Leu
Leu
305
Arg
Tyr
Tyr
Lys
Ala
385
Asp
Phe
Pro
Tyr
Pro
465
Leu
Ser
Phe
Asp
Val
545
Gln
Arg
Ser
Ser
Gly

625
Thr

His
Gln
Cys
Ala
Glu
290
Met
Lys
Gly
His
Ser
370
Phe
Arg
Asp
Leu
Gly
450
Pro
Ser
Pro
Lys
Arg
530
Gly
Gln
Leu
Arg
Glu
610
Lys

Ser

Val
Arg
Thr
Glu
275
Gln
Asp
Leu
Lys
Ala
355
Pro
Ser
Ile
Lys
Met
435
Asp
Ile
Gln
Ala
Asp
515
Glu
Glu
His
Asn
Thr
595
Asn

Asp

Arg

Ser
Pro
Phe
260
Arg
Gly
Glu
Leu
Asp
340
Ile
Leu
Leu
Gln
Phe
420
Glu
His
Pro
Ala
Arg
500
Arg
Lys
Pro
Gly
Glu
580
Trp
Gln

Asn

Phe

Gly
Ala
245
Glu
Phe
Ser
Pro
Gly
325
Asn
Ser
Asn
Phe
Pro
405
Val
Gln
Tyr
Ala
Arg
485
Ile
Lys
Ala
Lys
Lys
565
Lys
Asp
Asn

Ser

Pro

Gly
230
Leu
Pro
Ile
Glu
Tyr
310
Leu
Ala
Arg
Leu
Lys
390
Glu
Gln
Gly
Gly
Asp
470
Lys
His
Glu
Ala
Ser
550
Cys
Gly
Asp
Lys
Arg

630
Arg

Leu
Ser
Ala
Trp
Arg
295
Arg
Glu
Glu
Ala
Ser
375
Thr
Ile
Ile
Lys
Lys
455
Glu
Val
Ile
Ile
Ala
535
Lys
Leu
Tyr
Ser
Gly
615
Glu

Ser

Lys
Gly
Glu
Leu
280
Pro
Lys
Asp
Ala
Leu
360
Pro
Asp
Leu
Ser
Arg
440
Lys
Ile
Ile
Glu
Glu
520
Lys
Asp
Tyr
Val
Phe
600
Asn

Trp

Lys

Glu
Asp
Pro
265
Thr
Leu
Ser
Thr
Ser
345
Glu
Glu
Glu
Glu
Leu
425
Tyr
Asn
Arg
Asn
Thr
505
Phe
Ile
Ser
Glu
585
Asn
Gln
Gln

Lys

Gly
Ala
250
Lys
Lys
Thr
Lys
Ala
330
Thr
Lys
Leu
Asp
Ala
410
Lys
Asp
Thr
Asn
Gly
490
Ala
Arg
Arg
Leu
Gly
570
Ile
Asn
Thr
Glu

Gln

Ile
235
Val
Ala
Leu
Asp
Leu
315
Phe
Leu
Glu
Gln
Ile
395
Leu
Ala
Glu
Glu
Pro
475
Val
Arg
Gln
Glu
Lys
555
Lys
Asp
Lys
Pro
Phe

635
Arg

72

Glu
Gln
Ala
Asn
Thr
300
Thr
Phe
Met
Gly
Asp
380
Thr
Leu
Leu
Ala
Glu
460
Val
Val
Glu
Glu
Tyr
540
Leu
Glu
His
Val
Tyr
620
Lys

Ile

Thr
Lys
Lys
Asn
285
Glu
Tyr
Lys
Glu
Leu
365
Glu
Gly
Lys
Arg
Cys
445
Lys
Val
Arg
Val
Glu
525
Phe
Arg
Ile
Ala
Leu
605
Glu
Ala

Leu

Leu
Met
Asn
270
Leu
Arg
Ala
Gly
Met
350
Lys
Ile
Arg
His
Arg
430
Ala
Ile
Leu
Arg
Gly
510
Asn
Pro
Leu
Asn
Leu
590
Val
Tyr
Arg

Leu

Leu
Leu
255
Thr
Arg
Ala
Gln
Leu
335
Lys
Asp
Gly
Leu
Ile
415
Ile
Glu
Tyr
Arg
Tyr
495
Lys
Arg
Asn
Tyr
Leu
575
Pro
Leu
Phe
Val

Gln

Met
240
Gly
Tyr
Ile
Thr
Ala
320
Arg
Ala
Lys
Thr
Lys
400
Ser
Val
Ile
Leu
Ala
480
Gly
Ser
Lys
Phe
Glu
560
Gly
Phe
Gly
Asn
Glu

640
Lys



Phe Asp Glu

Val Asn Arg
675
Gly Lys Gly
690
Leu Leu Arg
705
Arg His His

Met Gln Gln

Phe Asp Gly
755
Lys Thr His
770
Ile Arg Val
785
Asp Thr Pro

Arg Pro Glu

Ala Pro Asn
835
Ser Ala Lys
850
Thr Gln Leu
865
Glu Pro Lys

Asp Asp Pro

Ala Gly Asn
915
Gln Lys Thr
930
Ala Thr Met
945
Leu Val Pro

Arg Ala Val

Asp Ser Phe
995
Val Ile Thr
1010
Arg Gly Thr
1025
Ile Gly Lys

Ser Phe Gln

Asp
660
Phe
Lys
Gly
Ala
Lys
740
Lys
Phe
Phe
Glu
Ala
820
Arg
Arg
Lys
Leu
Ala
900
Arg
Gly
Val
Ile
Val
980
Asn
Lys
Gly

Asn

Lys

1060

645
Gly

Leu
Lys
Phe
Leu
725
Ile
Thr
Pro
Gly
Lys
805
Val
Lys
Leu
Leu
Tyr
885
Lys
Thr
Val
Arg
Tyr
965
Gln
Phe
Lys

Asn

Gly

1045

Phe Lys Glu Arg
665

Cys Gln Phe Val

680
Arg Val Phe Ala
695

Trp Gly Leu Arg

710

Asp Ala Val Vval

Thr Arg Phe Val
745

Ile Asp Lys Glu

760
Gln Pro Trp Glu
775

Lys Pro Asp Gly

790

Leu Arg Thr Leu

His Glu Tyr Val
825

Met Ser Gly Gln

840
Asp Glu Gly Val
855

Lys Asp Leu Glu

870

Glu Ala Leu Lys

Ala Phe Ala Glu
905

Gln Gln Val Lys

920
Trp Val Arg Asn
935

Val Asp Val Phe

950

Ser Trp Gln Val

Gly Lys Asp Glu
985

Lys Phe Ser Leu

1000
Ala Arg Met Phe
1015

Ile Asn Ile Arg

1030

Ile Leu Glu Gly

650
Asn

Ala
Ser
Lys
Val
730
Arg
Thr
Phe
Lys
Leu
810
Thr
Gly
Ser
Lys
Ala
890
Pro
Ala
His
Glu
Ala
970
Glu
His
Gly

Ile

Ile
1050

Leu
Asp
Asn
Val
715
Ala
Tyr
Gly
Phe
Pro
795
Ala
Pro
His
Val
Met
875
Arg
Phe
Val
Asn
Lys
955
Lys
Asp
Pro

Tyr

His
1035

Asn
Arg
Gly
700
Arg
Cys
Lys
Glu
Ala
780
Glu
Glu
Leu
Met
Leu
860
Val
Leu
Tyr
Arg
Gly
940
Gly
Gly
Trp
Asn
Phe

1020
Asp

Asp Thr
670

Met Arg

685

Gln Ile

Ala Glu
Ser Thr

Glu Met
750

Val Leu

765

Gln Glu

Phe Glu
Lys Leu

Phe Val
830

Glu Thr

845

Arg Val

Asn Arg
Glu Ala

Lys Tyr
910

Val Glu

925

Ile Ala

Asp Lys
Ile Leu
Gln Leu
990
Asp Leu
1005
Ala Ser

Leu Asp

Gly val Lys Thr

Tyr Gln Ile Asp Glu Leu Gly Lys Glu Ile

1065

73

1070

655
Arg Tyr

Leu Thr
Thr Asn

Asn Asp
720

Val Ala

735

Asn Ala

His Gln
Val Met

Glu Ala
800

Ser Ser

815

Ser Arg

Val Lys
Pro Leu

Glu Arg
880

His Lys

895

Asp Lys

Gln Vval
Asp Asn

Tyr Tyr
960

Pro Asp

975

Ile Asp

Val Glu
Cys His

His Lys
1040
Ala Leu
1055
Arg Pro



Cys Arg Leu Lys Lys Arg Pro Pro Val Arg
1075

<210> 125
<211> 3159
<212> DNA

1080

<213> staphylococcus aureus

<220>

<223> Cas9 codon optimized nucleic acid sequence

<400> 125

atgaaaagga
attgactatg
gtggaaaaca
aggcacagaa
tctgagctga
tcagaggaag
gtcaatgagg
aatagcaaag
gatggcgagg
aagcagctgc
tatatcgacc
ttcggatgga
ccagaagagc
gacctgaaca
ttccagatca
aaggagatcc
ccagagttca
atcattgaga
tccgaggaca
gaacagatta
aatctgattc
ctgaagctgg
gtggacgatt
atcaacgcca
gagaagaaca
accaatgaac
attgaaaaaa
atccccctgg
agaagcgtgt
tctaaaaagg
tacgaaacct
accaaaaagg
tttattaacc
cgatcctatt
acatcttttc
catgccgaag
ctggacaaag
atgcccgaaa
aagcatatca
agagagctga

actacattct
aaacaaggga
atgagggacg
tccagagggt
gtggaattaa
agttttccgc
tggaagagga
ctctggaaga
tgagagggtc
tgaaagtgca
tgctggagac
aagacatcaa
tgagaagcgt
acctggtcat
tcgaaaacgt
tggtcaacga
ccaatctgaa
acgccgaact
tccaggaaga
gtaatctgaa
tggatgagct
tcccaaaaaa
tcattctgtc
tcatcaagaa
gcaaggacgc
gcattgaaga
tcaagctgca
aggacctgct
ccttcgacaa
gcaataggac
ttaaaaagca
agtacctgct
ggaatctggt
tccgggtgaa
tgaggcgcaa
atgctctgat
ccaagaaagt
tcgagacaga
aggatttcaa
tcaatgacac

ggggctggac
cgtgatcgac
gagaagcaag
gaagaaactg
tccttatgaa
agctctgetg
caccggcaac
gaagtatgtc
aattaatagg
gaaggcttac
tcggagaacc
ggaatggtac
caagtacgct
caccagggat
gtttaagcag
agaggacatc
agtgtatcac
gctggatcag
gctgactaac

ggggtacacc
gtggcataca

ggtggacctg
acccgtggtc
gtacggcctg
acagaagatg
gattatccga
cgatatgcag
gaacaatcca
ttcctttaac
tcctttccag
cattctgaat
ggaagagcgg
ggacacaaga
caatctggat
atggaagttt
tatcgcaaat
gatggagaac
acaggagtac
ggactacaag
cctgtatagt

atcgggatta
gcaggcgtca
aggggagcca
ctgttcgatt
gccagggtga
cacctggcta
gagctgtcta
gcagagctgc
ttcaagacaa
caccagctgg
tactatgagg
gagatgctga
tataacgcag
gaaaacgaga
aagaaaaagc
aagggctacc
gatattaagg
attgctaaga
ctgaacagcg
ggaacacaca
aacgacaatc
agtcagcaga
aagcggagct
cccaatgata
atcaatgaga
actaccggga
gagggaaagt
ttcaactacg
aacaaggtgc
tacctgtcta
ctggccaaag
gacatcaaca
tacgctactc
gtgaaagtca
aaaaaggagc
gccgacttca
cagatgttcg
aaggagattt
tactctcacc
acaagaaaag

74

caagcgtggg
gactgttcaa
ggcgcctgaa
acaacctgct
aaggcctgag
agcgccgagg
Ccaaaggaaca
agctggaacg
gcgactacgt
atcagagctt
gaccaggaga
tgggacattg
atctgtacaa
aactggaata
ctacactgaa
gggtgacaag
acatcacagc
tcctgactat
agctgaccca
acctgtccct
agattgcaat
aagagatccc
tcatccagag
tcattatcga
tgcagaaacg
aagagaacgc
gtctgtattc
aggtcgatca
tggtcaagca
gttcagattc
gaaagggeceg
gattctccgt
gcggecctgat
agtccatcaa
gcaacaaagg
tctttaagga
aagagaagca
tcatcactcc

gggtggataa
acgataaggg

gtatgggatt

ggaggccaac
acgacggaga
gaccgaccat
tcagaagctg
agtgcataac
gatctcacgc
gctgaagaaa
Ccaaagaagcc
catcgatact
agggagcccc
cacctatttt
cgccctgaat
ctatgagaag
acagattgct
cactggaaaa
acggaaagaa
ctaccagagc
ggaagagatc
gaaagctatc
ctttaaccgg
aaccacactg
catcaaagtg
gctggctagg
aaaccggcag
aaagtacctg
tctggaggcc
tattatcccc
ggaagagaac
caagatctct
catcagcaag
ccagaaggat
gaatctgctg

cggecgggttc
gtacaagcac

gtggaaaaag
ggccgaatct
tcaccagatc
aaagcccaac
gaataccctg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400



attgtgaaca
aacaaaagtc
aagctgatta
actgggaact
aagtactatg
cgcaacaagg
ggcgtgtata
gaagtgaata
gagttcatcg
gtcatcgggsg
taccgagagt
gcctctaaga
gtgaagagca

<210> 126
<211> 1053
<212> PRT

atctgaacgg
ccgagaagct
tggagcagta
acctgaccaa
ggaacaagct
tggtcaagct
aatttgtgac
gcaagtgcta
cctcctttta
tgaacaatga
atctggaaaa
ctcagagtat
aaaagcaccc

actgtacgac
gctgatgtac
cggcgacgag
gtatagcaaa
gaatgcccat
gtcactgaag
tgtcaagaat
cgaagaggct
caacaacgac
tctgctgaac
catgaatgat
caaaaagtac
tcagattatc

<213> Staphylococcus aureus

<220>
<223> Cas9

<400> 126
Met Lys Arg
1
Gly

Tyr Gly

Val Leu
35
Arg

Arg
Ser Lys
50
Gln Arg
65

Ser

Val

Glu Leu

Ser Gln Lys

Ala Lys Arg

115

Gly Asn Glu
130

Leu Glu Glu

145

Asp

Gly Glu

Val Lys Glu
Gln
195

Tyr

Leu Asp
Thr
210
Ile

Arg

Asp
225

Lys

Asn Tyr
Ile
20
Phe

Ile
Lys

Gly Ala

Lys Lys

Ser Gly
85
Leu Ser
100
Arg Gly

Leu Ser

Lys Tyr

Ile
Asp
Glu
Arg
Leu
70

Ile
Glu
Val

Thr

Val

Leu Gly

Tyr Glu

Ala Asn
40
Arg Leu
55
Leu Phe

Asn Pro

Glu Glu
Asn
120
Glu

His

Lys
135

Ala Glu

150

Val Arg
165
Ala Lys
180
Ser Phe

Tyr Glu

Glu Trp

Gly
Gln
Ile
Gly

Tyr

Ser Ile

Leu Leu
Thr
200
Gly

Asp

Pro
215

Glu Met

230

aaagataatg
caccatgatc
aagaacccac
aaggataatg
ctggacatca
ccatacagat
ctggatgtca
aaaaagctga
ctgattaaga
cgcattgaag
aagcgccccc
tcaaccgaca
aaaaagggc

Leu Asp Ile
10

Thr Arg

25

Val

Asp

Glu Asn

Lys Arg Arg
Asn
75

Ala

Asp Tyr
Glu
90
Ser

Tyr

Phe
105
Val

Ala

Asn Glu

Gln Ile Ser

Gln Leu
155
Phe

Leu

Asn Arg

170

Lys Val Gln

185
Tyr

Ile Asp

Glu Gly Ser

Leu Met Gly

235
75

acaagctgaa
ctcagacata
tgtataagta
gccccgtgat
cagacgatta
tcgatgtcta
tcaaaaagga
aaaagattag
tcaatggcga
tgaatatgat
ctcgaattat
ttctgggaaa

Gly Ile Thr

Val Ile Asp
30
Glu Gly
45

Arg

Asn
Arg His
60
Leu

Leu Thr

Arg Val Lys

Ala Leu
110
Glu

Leu

Val Glu

125

Arg Asn Ser

140
Glu

Arg Leu

Lys Thr Ser

Lys Ala Tyr
190
Leu Glu
205

Phe

Leu

Pro
220
His

Gly

Cys Thr

aaagctgatc
tcagaaactg
ctatgaagag
caagaagatc
ccctaacagt
tctggacaac
gaactactat
caaccaggca
actgtatagg
tgacatcact
caaaacaatt
cctgtatgag

Ser Val
15
Ala Gly

Arg Arg

Arg Ile
His
80
Leu

Asp

Gly
95
His Leu

Asp Thr

Lys Ala

Lys Lys
160
Asp Tyr
175
His Gln

Thr Arg

Trp Lys

Phe
240

Tyr

2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3159



Pro
Asn
Glu
Lys
Val
305
Pro
Ala
Lys
Thr
Asn
385
Asn
Ile
Gln
Val
Ile
465
Glu
Arg
Gly
Met
Asp
545
Arg
Gln
Ser
Leu
Tyr
625
Phe

Met

Glu
Ala
Lys
Gln
290
Asn
Glu
Arg
Ile
Asn
370
Leu
Leu
Phe
Lys
Val
450
Lys
Lys
Asn
Lys
Gln
530
Leu
Ser
Glu
Ser
Asn
610
Leu

Ile

Asn

Glu
Leu
Leu
275
Lys
Glu
Phe
Lys
Leu
355
Leu
Lys
Ile
Asn
Glu
435
Lys
Lys
Asn
Arg
Glu
515
Glu
Leu
Val
Glu
Ser
595
Leu
Leu

Asn

Leu

Leu
Asn

260
Glu

Glu
Thr
Glu
340
Thr

Asn

Leu
Arg
420
Ile
Arg
Tyr
Ser
Gln

500
Asn

Asn
Ser
Asn
580
Asp
Ala
Glu
Arg

Leu

Arg
245
Asp
Tyr
Lys
Asp
Asn
325
Ile
Ile
Ser
Tyr
Asp
405
Leu
Pro
Ser
Gly
Lys
485
Thr
Ala
Lys
Asn
Phe
565
Ser
Ser
Lys
Glu
Asn

645
Arg

Ser
Leu
Tyr
Pro
Ile
310
Leu
Ile
Tyr
Glu
Thr
390
Glu
Lys
Thr
Phe
Leu
470
Asn
Lys
Cys
Pro

550
Asp

Lys
Gly
Arg
630

Leu

Ser

Val
Asn
Glu
Thr
295
Lys
Lys
Glu
Gln
Leu
375
Gly
Leu
Leu
Thr
Ile
455
Pro
Ala
Glu
Tyr
Leu
535
Phe

Asn

Ile

Lys
615

Val

Tyr

Lys
Asn
Lys
280
Leu
Gly
Val
Asn
Ser
360
Thr
Thr
Trp
Val
Leu
440
Gln
Asn
Gln
Arg
Leu
520
Tyr
Asn
Ser
Gly
Ser
600
Gly
Ile
Asp

Phe

Tyr
Leu
265
Phe
Lys
Tyr
Tyr
Ala
345
Ser
Gln
His
His
Pro
425
Val
Ser
Asp
Lys
Ile
505
Ile
Ser
Tyr
Phe
Asn
585
Tyr
Arg
Asn

Thr

Arg

Ala
250
Val
Gln
Gln
Arg
His
330
Glu
Glu
Glu
Asn
Thr
410
Lys
Asp
Ile
Ile
Met
490
Glu
Glu
Leu
Glu
Asn
570
Arg
Glu
Ile
Arg
Arg

650
Val

Tyr
Ile
Ile
Ile
Val
315
Asp
Leu
Asp
Glu
Leu
395
Asn
Lys
Asp
Lys
Ile
475
Ile
Glu
Lys
Glu
Val
555
Asn
Thr
Thr
Ser
Phe
635
Tyr

Asn

76

Asn
Thr
Ile
Ala
300
Thr
Ile
Leu
Ile
Ile
380
Ser
Asp
Val
Phe
Val
460
Ile
Asn
Ile
Ile
Ala
540
Asp
Lys
Pro
Phe
Lys
620
Ser

Ala

Asn

Ala
Arg
Glu
285
Lys
Ser
Lys
Asp
Gln
365
Glu
Leu
Asn
Asp
Ile
445
Ile
Glu
Glu
Ile
Lys
525
Ile
His
Val
Phe
Lys
605
Thr
Val
Thr

Leu

Asp
Asp
270
Asn
Glu
Thr
Asp
Gln
350
Glu
Gln
Lys
Gln
Leu
430
Leu
Asn
Leu
Met
Arg
510
Leu
Pro
Ile
Leu
Gln
590
Lys
Lys
Gln
Arg

Asp

Leu
255
Glu
Val
Ile
Gly
Ile
335
Ile
Glu
Ile
Ala
Ile
415
Ser
Ser
Ala
Ala
Gln
495
Thr
His
Leu
Ile
Val
575
His
Lys

Gly

655
Val

Tyr
Asn
Phe
Leu
Lys
320
Thr
Ala
Leu
Ser
Ile
400
Ala
Gln
Pro
Ile
Arg
480
Lys
Thr
Asp
Glu
Pro
560
Lys
Leu
Ile
Glu
Asp
640

Leu

Lys



Val
Lys
Ala
705
Leu
Gln
Ile
Tyr
Asn
785
Ile
Lys
Asp
Asp
Leu
865
Lys
Tyr
Arg
Lys
Lys
945
Glu
Glu
Glu
Asn
Gln

1025
Val

Lys Ser
675

Phe Lys

690

Leu Ile

Asp Lys
Ala Glu

Phe Ile
755

Lys Tyr

770

Asp Thr

Val Asn
Lys Leu

Pro Gln
835

Glu Lys

850

Thr Lys

Tyr Tyr
Pro Asn

Phe Asp
915

Asn Leu

930

Cys Tyr

Phe Ile
Leu Tyr

Val Asn
995
Asp Lys
1010
Ser Ile

Lys Ser

<210> 127

<211

> 20

660
Ile

Lys
Ile
Ala
Ser
740
Thr
Ser
Leu
Asn
Ile
820
Thr
Asn
Tyr
Gly
Ser
900
Val
Asp
Glu
Ala
Arg
980
Met
Arg

Lys

Lys

665
Asn Gly Gly Phe Thr
680
Glu Arg Asn Lys Gly
695
Ala Asn Ala Asp Phe
710
Lys Lys Val Met Glu
725
Met Pro Glu Ile Glu
745
Pro His Gln Ile Lys
760
His Arg Val Asp Lys
775
Tyr Ser Thr Arg Lys
790
Leu Asn Gly Leu Tyr
805
Asn Lys Ser Pro Glu
825
Tyr Gln Lys Leu Lys
840
Pro Leu Tyr Lys Tyr
855
Ser Lys Lys Asp Asn
870
Asn Lys Leu Asn Ala
885
Arg Asn Lys Val Val
905
Tyr Leu Asp Asn Gly
920
Val Ile Lys Lys Glu
935
Glu Ala Lys Lys Leu
950
Ser Phe Tyr Asn Asn
965
Val Ile Gly Val Asn
985
Ile Asp Ile Thr Tyr
1000
Pro Pro Arg Ile Ile
1015
Lys Tyr Ser Thr Asp
1030
Lys His Pro Gln Ile
1045

Ser
Tyr
Ile
Asn
730
Thr
His
Lys
Asp
Asp
810
Lys
Leu
Tyr
Gly
His
890
Lys
Val
Asn
Lys
Asp
970
Asn
Arg
Lys

Ile

Ile
1050

Phe Leu

Lys His
700

Phe Lys

715

Gln Met

Glu Gln
Ile Lys

Pro Asn
780

Asp Lys

795

Lys Asp

Leu Leu
Ile Met

Glu Glu
860

Pro Val

875

Leu Asp

Leu Ser
Tyr Lys

Tyr Tyr
940

Lys Ile

955

Leu Ile

Asp Leu
Glu Tyr

Thr Ile
1020

Leu Gly

1035

Lys Lys

77

670
Arg Arg
685
His Ala

Glu Trp
Phe Glu

Glu Tyr
750

Asp Phe

765

Arg Glu

Gly Asn
Asn Asp

Met Tyr
830

Glu Gln

845

Thr Gly

Ile Lys
Ile Thr
Leu Lys
910
Phe Val
925
Glu Vval
Ser Asn
Lys Ile
Leu Asn
990
Leu Glu
1005
Ala Ser

Asn Leu

Gly

Lys
Glu
Lys
Glu
735
Lys
Lys
Leu
Thr
Lys
815
His
Tyr
Asn
Lys
Asp
895
Pro
Thr
Asn
Gln
Asn
975
Arg
Asn

Lys

Tyr

Trp
Asp
Lys
720
Lys
Glu
Asp
Ile
Leu
800
Leu
His
Gly
Tyr
Ile
880
Asp
Tyr
Val
Ser
Ala
960
Gly
Ile
Met

Thr

Glu

1040



<212> DNA
<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 9

<400> 127
attgcactca tcagagctac

<210> 128

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 10

<400> 128
cctagagtga agagattcat

<210> 129

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 11

<400> 129
ccaatgaatc tcttcactct

<210> 130

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 12

<400> 130
aaagtcatgg taggggagct

<21e> 131

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 13

<400> 131
gtgagcaatc ccccgggcega

20

20

20

20

20

78



<210>
<211>
<212>
<213>

<220>
<223>

<400>

132
20
DNA
Artificial Sequence

TGFBR2 target sequence 14

132

gtcgttcttc acgaggatat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

133
20
DNA
Artificial Sequence

TGFBR2 target sequence 15

133

gccgecgtcag gtactcctgt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

134
20
DNA
Artificial Sequence

TGFBR2 target sequence 16

134

gacgcggcat gtcatcagct

<210>
<211>
<212>
<213>

<220>
<223>

<400>

135

20

DNA

Artificial Sequence

TGFBR2 target sequence 17

135

gcttctgetg ccggttaacg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

136
20
DNA
Artificial Sequence

TGFBR2 target sequence 18

136

20

20

20

20

79



gtggatgacc tggctaacag

<21e> 137

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 19

<400> 137
gtgatcacac tccatgtggg

<210> 138

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 20

<400> 138
gcccattgag ctggacaccc

<210> 139

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 21

<400> 139
gcggtcatct tccaggatga

<210> 140

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 22

<400> 140
gggagctgcc cagcttgegc

<21e> 141

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 23

20

20

20

20

20

80



<400> 141
gttgatgttg ttggcacacg

<210> 142

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 24

<400> 142
ggcatcttgg gcctcccaca

<210> 143

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 25

<400> 143
gcggcatgtc atcagctggg

<210> 144

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 26

<400> 144
gctcctcage cgtcaggaac

<210> 145

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 27

<400> 145
gctggtgtta tattctgatg

<210> 146

<211> 20

<212> DNA

<213> Artificial Sequence

20

20

20

20

20

81



<220>
<223> TGFBR2 target sequence 28

<400> 146
ccgacttctg aacgtgcggt

<21e> 147

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 29

<400> 147
tgctggcgat acgcgtccac

<210> 148

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 30

<400> 148
cccgacttct gaacgtgcegg

<210> 149

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 31

<400> 149
ccaccgcacg ttcagaagtc

<210> 150

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 32

<400> 150
tcacccgact tctgaacgtg

<210> 151
<211> 20
<212> DNA

20

20

20

20

20

82



<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 33

<400> 151
cccaccgcac gttcagaagt

<210> 152

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 34

<400> 152
cgagcagcgg ggtctgceccat

<210> 153

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 35

<400> 153
acgagcagcg gggtctgcca

<210> 154

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 36

<400> 154
agcggggtct gccatgggtc

<210> 155

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 37

<400> 155
cctgagcagc ccccgaccca

<210> 156

20

20

20

20

20

83



<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 38

<400> 156
aacgtgcggt gggatcgtgc

<21e> 157

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 39

<400> 157
ggacgatgtg cagcggccac

<210> 158

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 40

<400> 158
gtccacagga cgatgtgcag

<210> 159

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 41

<400> 159
catgggtcgg gggctgctca

<210> 160

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 42

<400> 160
ccatgggtcg ggggctgctc

20

20

20

20

20
84



<210> 161

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 43

<400> 161
cagcggggtc tgccatgggt

<210> 162

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 44

<400> 162
atgggtcggg ggctgctcag

<210> 163

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 45

<400> 163
cggggtctge catgggtcgg

<210> 164

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 46

<400> 164
aggaagtctg tgtggctgta

<210> 165

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 47

20

20

20

20

85



<400>

165

ctccatctgt gagaagccac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

166
20
DNA
Artificial Sequence

TGFBR2 target sequence 48

166

atgatagtca ctgacaacaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

167
20
DNA
Artificial Sequence

TGFBR2 target sequence 49

167

gatgctgcag ttgctcatgc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

168
20
DNA
Artificial Sequence

TGFBR2 target sequence 50

168

acagccacac agacttcctg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

169
20
DNA
Artificial Sequence

TGFBR2 target sequence 51

169

gaagccacag gaagtctgtg

<210>
<211>
<212>
<213>

<220>

170
20
DNA
Artificial Sequence

20

20

20

20

20

86



<223> TGFBR2 target sequence 52

<400> 170
ttcctgtgge ttctcacaga

<210> 171

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 53

<400> 171
ctgtggcttc tcacagatgg

<21e> 172

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 54

<400> 172
tcacaaaatt tacacagttg

<210> 173

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 55

<400> 173
cccctaccat gactttattc

<210> 174

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 56

<400> 174
ccagaataaa gtcatggtag

<210> 175

<211> 20

<212> DNA

<213> Artificial Sequence

20

20

20

20

20

87



<220>
<223> TGFBR2 target sequence 57

<400> 175
gacaacatca tcttctcaga

<210> 176

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 58

<400> 176
tccagaataa agtcatggta

<21e> 177

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 59

<400> 177
ggtaggggag cttggggtca

<210> 178

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 60

<400> 178
ttctccaaag tgcattatga

<210> 179

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 61

<400> 179
catcttccag aataaagtca

<210> 180
<211> 20

20

20

20

20

20

88



<212> DNA
<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 62

<400> 180
cacatgaaga aagtctcacc

<210> 181
<211> 20

<212> DNA
<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 63

<400> 181
ttccagaata aagtcatggt

<21e> 182
<211> 20

<212> DNA
<213> Artificial Sequence

<220>
<223> TGFBR2 target sequence 64

<400> 182
ttttccttca taatgcactt

<210> 183
<211> 326
<212> PRT

<213>

<220>

<223>

<300>

<308>
<309>

<400> 183

Ala
1
Ser
Phe
Gly

Leu

Ser Thr

Thr Ser

Pro Glu
35

Val His

50

Ser Ser

Lys
Glu
20

Pro

Thr

Val

Homo sapiens

Human IgG2 Fc

Uniprot P10859
2008-12-16

Gly Pro
5

Ser Thr

Val Thr
Phe Pro

Val Thr

Ser
Ala
Val
Ala

55
Val

Val
Ala
Ser
40

Val

Pro

Phe
Leu
25

Trp

Leu

Ser

Pro Leu
10

Gly Cys
Asn Ser

Gln Ser

Ser Asn

89

Ala
Leu
Gly
Ser

60
Phe

Pro
Val
Ala
45

Gly

Gly

Cys
Lys
30

Leu

Leu

Thr

Ser Arg
15

Asp Tyr
Thr Ser
Tyr Ser

Gln Thr



65
Tyr

Thr
Pro
Thr
Val
145
Val
Ser
Leu
Ala
Pro
225
Gln
Ser
Thr
Leu
Ser

305
Ser

<210>
<211>
<212>
<213>

Thr
Val
Val
Leu
130
Ser
Glu
Thr
Asn
Pro
210
Gln
Val
Val
Pro
Thr
290
Val

Leu

<220>

<223>

<300>

<308>
<309>

Cys
Glu
Ala
115
Met
His
Val
Phe
Gly
195
Ile
Val
Ser
Glu
Pro
275
Val

Met

Ser

184
327
PRT
Homo sapiens

<400> 184
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg

1

Asn
Arg
100
Gly
Ile
Glu
His
Arg
180
Lys
Glu
Tyr
Leu
Trp
260
Met
Asp
His

Pro

Val
85

Lys
Pro
Ser
Asp
Asn
165
Val
Glu
Lys
Thr
Thr
245
Glu
Leu
Lys
Glu

Gly
325

Human IgG4 Fc

Uniprot P01861
1986-07-21

5

70
Asp

Cys
Ser
Arg
Pro
150
Ala
Val
Tyr
Thr
Leu
230
Cys
Ser
Asp
Ser
Ala

310
Lys

His
Cys
Val
Thr
135
Glu
Lys
Ser
Lys
Ile
215
Pro
Leu
Asn
Ser
Arg

295
Leu

Lys
Val
Phe
120
Pro
Val
Thr
Val
Cys
200
Ser
Pro
Val
Gly
Asp
280
Trp

His

Pro
Glu
105
Leu
Glu
Gln
Lys
Leu
185
Lys
Lys
Ser
Lys
Gln
265
Gly
Gln

Asn

Ser
90

Cys
Phe
Val
Phe
Pro
170
Thr
Val
Thr
Arg
Gly
250
Pro
Ser

Gln

His

10

75
Asn

Pro
Pro
Thr
Asn
155
Arg
Val
Ser
Lys
Glu
235
Phe
Glu
Phe

Gly

Tyr
315

Thr
Pro
Pro
Cys
140
Trp
Glu
Val
Asn
Gly
220
Glu
Tyr
Asn
Phe
Asn

300
Thr

Lys
Cys
Lys
125
Val
Tyr
Glu
His
Lys
205
Gln
Met
Pro
Asn
Leu
285
Val

Gln

Val
Pro
110
Pro
Val
Val
Gln
Gln
190
Gly
Pro
Thr
Ser
Tyr
270
Tyr
Phe

Lys

Asp
95

Ala
Lys
Val
Asp
Phe
175
Asp
Leu
Arg
Lys
Asp
255
Lys
Ser

Ser

Ser

15

80
Lys

Pro
Asp
Asp
Gly
160
Asn
Trp
Pro
Glu
Asn
240
Ile
Thr
Lys
Cys

Leu
320

Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr

20

25

30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser

90



35 40 45
Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60
Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr
65 70 75 80
Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95
Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro Ala Pro
100 105 110
Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
115 120 125
Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
130 135 140
Asp Val Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp
145 150 155 160
Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe
165 170 175
Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
180 185 190
Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu
195 200 205
Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
210 215 220
Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys
225 230 235 240
Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
245 250 255
Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
260 265 270
Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
275 280 285
Arg Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser
290 295 300
Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
305 310 315 320
Leu Ser Leu Ser Leu Gly Lys
325

<210> 185
<211> 133
<212> DNA
<213> Artificial Sequence

<220>
<223> SV40 poly A signal

<400> 185

tgctttattt gtgaaatttg tgatgctatt gctttatttg taaccattat aagctgcaat 60
aaacaagtta acaacaacaa ttgcattcat tttatgtttc aggttcaggg ggaggtgtgg 120
gaggtttttt aaa 133

<210> 186
91



<211> 347
<212> DNA

<213> Artificial Sequence

<220>
<223> MND p

<400> 186
gaacagagaa
cggctcaggg
aagcagttcc
tcagcagttt
ctgtgcctta
tccccgagcet

<210> 187
<211> 228
<212> PRT

romoter

acaggagaat
ccaagaacag
tgccccggcet
ctagagaacc
tttgaactaa
ctatataagc

atgggccaaa
ttggaacagc
cagggccaag
atcagatgtt
ccaatcagtt
agagctcgtt

<213> Artificial Sequence

<220>
<223> Space

<400> 187
Glu Ser Lys
1
Ala Gly Pro

Met Ile Ser

35

Gln Glu Asp
50

Val His

65

Tyr

Asn

Arg Val

Gly Lys Glu

Ile Glu Lys

115

Val Tyr Thr

130

Ser Leu Thr

145

Glu Trp Glu

Pro Val Leu

Val Asp Lys
195
His Glu
210
Leu

Met

Ser Gly

r

Tyr Gly

Ser Val
20
Arg Thr

Pro Glu

Ala Lys

Val Ser
85

Tyr Lys
100
Thr Ile

Leu Pro

Cys Leu

Pro
Phe
Pro
Val
Thr
70

Val
Cys
Ser

Pro

Val

Pro Cys

Leu Phe

Glu Vval
40
Gln Phe
55
Lys Pro

Leu Thr

Lys Val
Ala
120
Gln

Lys

Ser
135

Lys Gly

150

Asn
165
Ser

Ser

Asp
180
Ser Arg

Ala Leu

Lys

Gly
Asp
Trp

His

Gln Pro

Gly Ser

Gln Glu
200
Asn His
215

caggatatct
agaatatggg
aacagatggt
tccagggtgc
cgcttctcgce
tagtgaaccg

Pro
10
Pro

Pro Cys
Pro
25

Thr

Lys

Cys Val

Asn Trp Tyr

Glu Glu
75
His

Arg
Val Leu
90
Ser Asn
105

Lys

Lys

Gly Gln

Glu Glu Met

Phe Pro
155

Asn

Tyr
Glu Asn
170
Phe Phe
185

Gly

Leu

Asn Val

Tyr Thr Gln

92

gtggtaagca
Ccaaacagga
ccccagatgc
cccaaggacc
ttctgttcgc
tcagatc

Pro Ala Pro

Pro Lys Asp

30

Val Vval Asp
45

Val Asp

60

Gln

Gly

Phe Gln

Gln Asp Trp
Pro
110

Glu

Gly Leu

Pro Arg
125
Thr Lys
140

Ser

Asn

Asp Ile

Tyr Lys Thr

Tyr Ser Arg

190
Cys

Phe Ser

205
Ser

Lys Leu

220

gttcctgcecc
tatctgtggt
ggtcccgcecc
tgaaatgacc
gcgecttctgc

Pro Val
15
Thr Leu

Val Ser

Val Glu

Thr
80
Asn

Ser

Leu
95
Ser Ser

Pro Gln

Gln Val

Ala Val
160
Thr Pro
175
Leu Thr

Ser Val

Ser Leu

60

120
180
240
300
347



225

<210> 188
<211> 164
<212> PRT
<213> Homo sapiens

<220>
<223> CD3 zeta isoform 1 precursor protein

<300>
<308> NP_932170.1
<309> 2020-03-28

<400> 188

Met
1
Pro
Tyr
Leu
Gln
65
Glu
Gly
Glu
Lys
Leu

145
Leu

Lys Trp Lys Ala Leu Phe Thr Ala Ala Ile

Ile Thr Glu Ala Gln Ser Phe Gly Leu Leu
20 25
Leu Leu Asp Gly Ile Leu Phe Ile Tyr Gly
35 40
Phe Leu Arg Val Lys Phe Ser Arg Ser Ala
50 55
Gln Gly Gln Asn Gln Leu Tyr Asn Glu Leu
70 75
Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly
85 90
Gly Lys Pro Gln Arg Arg Lys Asn Pro Gln
100 105
Leu Gln Lys Asp Lys Met Ala Glu Ala Tyr
115 120
Gly Glu Arg Arg Arg Gly Lys Gly His Asp
130 135
Ser Thr Ala Thr Lys Asp Thr Tyr Asp Ala
150 155
Pro Pro Arg

<210> 189
<211> 163
<212> PRT
<213> Homo sapiens

<220>
<223> CD3 zeta isoform 2 precursor protein

<300>
<308> NP_000725.1
<309> 2020-02-20

<400> 189

93

Leu
Asp
Val
Asp
60

Asn
Arg
Glu
Ser
Gly

140
Leu

Gln
Pro
Ile
45

Ala
Leu
Asp
Gly
Glu
125

Leu

His

Ala
Lys
30

Leu
Pro
Gly
Pro
Leu
110
Ile
Tyr

Met

Gln
15

Leu
Thr
Ala
Arg
Glu
95

Tyr
Gly
Gln

Gln

Leu
Cys
Ala
Tyr
Arg
80

Met
Asn
Met

Gly

Ala
160



Met
Pro
Tyr
Leu
Gln
65

Glu
Gly
Leu
Gly
Ser

145
Pro

Lys
Ile
Leu
Phe
50

Gln
Glu
Gly
Gln
Glu
130
Thr

Pro

Trp
Thr
Leu
35

Leu
Gly
Tyr
Lys
Lys
115
Arg
Ala

Arg

Lys
Glu
20

Asp
Arg
Gln
Asp
Pro
100
Asp
Arg

Thr

Ala
Ala
Gly
Val
Asn
Val
85

Arg
Lys
Arg

Lys

Leu
Gln
Ile
Lys
Gln
70

Leu
Arg
Met

Gly

Asp
150

Phe
Ser
Leu
Phe
55

Leu
Asp
Lys
Ala
Lys

135
Thr

Thr
Phe
Phe
40

Ser
Tyr
Lys
Asn
Glu
120
Gly

Tyr

Ala
Gly

25
Ile

Asn
Arg
Pro
105
Ala
His

Asp

Ala
10

Leu
Tyr
Ser
Glu
Arg
90

Gln
Tyr
Asp

Ala

Ile
Leu
Gly
Ala
Leu
75

Gly
Glu
Ser

Gly

Leu
155

94

Leu
Asp
Val
Asp
60

Asn
Arg
Gly
Glu
Leu

140
His

Gln
Pro
Ile
45

Ala
Leu
Asp
Leu
Ile
125
Tyr

Met

Ala
Lys
30

Leu
Pro
Gly
Pro
Tyr
110
Gly
Gln

Gln

Gln
15

Leu
Thr
Ala
Arg
Glu
95

Asn
Met
Gly

Ala

Leu
Cys
Ala
Tyr
Arg
80

Met
Glu
Lys
Leu

Leu
160



